20. Device according to claim 19, characterized in that said spectral means 
comprises at least one spectral splitting element which is taken from among a group of 
spectral splitting elements which includes absorbing, bending and refracting optical 
elements, phase and amplitude grids, surface and volume grids, transmission and 
reflection grids, holographic optical elements, color filters, color filter wedges, and prisms. 

21. Device according to claim 19, characterized in that said spectral means 
spectrally splits the incident light such that different wavelength bands of said incident 
light are deflected to different areas of said CCD array such that different photosensitive 
elements receive different wavelength bands. 

33. Device according to claim 1, characterized in that the light emitted by said first 
optical means is directed to the surface at such an angle such that the light reflected 
directly from the measurement surface in accordance with Fresnel reflection is at another 
angle with respect to the measurement surface than the angle between said 
measurement surface and the light reflected from said measurement surface as received 
by said second optical means. 

34. Device according to claim 1, characterized in that at least one photosensor 
comprises at least two, preferably three or more photosensitive elements, the electrical 
output signals of which can be acquired individually and which differ in their spectral 
characteristic such that the color of the reflected light is ascertainable as an optical 
parameter of said measurement surface. 

REMARKS 

Claims 1, 3, 7, 20, 21, 33 and 34 have been amended. Claims 9 and 29 have 
been canceled without prejudice. Claims 1-8, 10-28 and 30-37 are still pending 

First, Applicant is submitting herewith two sheets of revised drawings for FIGS. 1 
and 7 In FIG. 1, the "curly" shaped "9" (which the Examiner is reading as a "g") has 
been replaced by a more conventional-looking "9". FIG. 7 has been revised to include 
textual labels. Since all these revisions are based on information that was previously 
disclosed in the specification, it is respectfully submitted that no new matter has been 
added, and entry of the amended drawings is respectfully requested. 




Second, Applicant is submitting herewith (i) a marked-up copy, and (ii) a clean 
copy, of a substitute specification and abstract. The abstract has been revised to delete 
the use of "means" terminology and is now less than 150 words. In addition, the 
substitute specification has now provided the necessary headings, and has moved about 
nine pages of text from the summary section into the detailed description section. 

Third, claims 1, 3, 7, 20, 21, 33 and 34 have been amended to overcome the 
objections and rejections under 35 U.S.C. Section 112, second paragraph. Thus, it is 
respectfully submitted that all pending claims now meet the requirements of 35 U.S.C. 
Section 112. 

Claim 1 stands rejected under 35 U.S.C. 102(e) as being anticipated by USP 
6,122,042 to Wunderman et al. ("Wunderman"), and under 35 U.S.C. 103(a) as being 
unpatentable over by USP 5,377,000 to Berends ("Berends"). These rejections are 
respectfully traversed. 

Claim 1 is the only independent claim, and has been amended to add two 
recitations: (1) that the light sources of the illuminating means exhibit spectral 
characteristics such that radiation is emitted essentially uninterruptedly across essentially 
the entire visible spectrum (taken from original claim 9), and (2) that at least one intensity 
of one light source is controllable (taken from original claim 29). 

It is respectfully submitted that these limitations are not disclosed by Wunderman 
and Berends. 

Wunderman 

First, with respect to the filter element (see page 7 of the Office Action), the 
Examiner asserts that it would have been obvious to a person ordinarily skilled in the art 
at the time the invention was made to place a filter between the light source and photo 
detector to prevent/absorb unwanted light from reaching the detector. However, 
Applicant submits that the position of the filter element in a device according to the 
present invention significantly impacts the measuring results. In other words, there is a 
large difference in results when one places a filter element in front of the object to be 
measured, or behind the object to be measured. Thus, Applicant submits that this is not 
as obvious as the Examiner has asserted. 

The Examiner had rejected claim 9 based on column 7, lines 25-30 of 
Wunderman. However this cited text only describes that: 

"[h]igher energy LEDs are generally used for excitation where 
fluorescence and phosphorescence are present and a filter or 



colored dye which selectively blocks specific wavelengths 
cover et least some of the detectors." 
Thus, this text discloses that a filter blocks a specific wavelength and that the filter covers 
at least some of the detectors. Unfortunately, Applicant respectfully submits that it is not 
possible to construe a filter blocking specific wavelengths to teach radiation that is emitted 
across essentially the entire visible spectrum. 

The Examiner had rejected claim 29 based on column 8, lines 9-15 and column 9, 
lines 10-45 of Wunderman. However, column 8, lines 9 to 15 only discloses that the 
multiplicity of emission wavelengths are produced by a LED-array. Column 9, lines 10 to 
45 describes how different combinations can be reached. When taken together, these 
disclosures do not disclose, expressly or impliedly, the control of single intensities. 

The advantages of a separate control of the intensities of single LED's are 
described, for example, on page 31, paragraph 3, of the original specification. The 
individual control of the intensities of the single LED's serves to attain the spectrum 
shown in FIG. 3 which corresponds to a spectral course of intensity of the normal light 
standard "C" of the Commission Internationale d'Eclairage (CIE) weighted to the spectral 
visual intensity of a normal observer's light adapted eye. Furthermore, as described on 
page 32, paragraph 1, of the original specification, the separate control of the intensity of 
the single LED's serves also to yield a spectral distribution of intensity as depicted in 
FIG. 4a. A spectrum which is essentially constant in the whole visible region and 
achieves a homogeneous illumination independent of the wavelength. As described on 
pages 16 and 17 of the original specification , the spectral measurement characteristic is 
the product of the spectral characteristic values of all optical components involved If, for 
example, the intensity especially at the low wavelength and the high wavelength end of 
the visible spectrum is low, the spectral measurement characteristic will decrease and 
therefore the error when measuring will increase. Therefore, it is advantageous to have a 
spectrum of substantially the same intensity all over the visible spectrum. On the other 
hand, in those spectral regions in which the sensor exhibits a lower sensitivity, the 
intensity of the radiated light can be increased accordingly so that the intensity of the 
respective electrical output signal of the sensor is essentially independent of the received 
light's wavelength. 

Applicant respectfully submits that, when all the above reasons are considered 
together, claim 1, as amended, is distinguished over Wunderman. 



Berends 



The Examiner had rejected claim 9 based on column 6, lines 5-15 of Berends. 
This text discloses a broad spectrum light beam generated by a krypton lamp and a 
detector which detects light at the opposite ends of the visible spectrum. From this 
disclosure, it cannot be deducted that the illumination means also radiates light in the 
entire visible spectrum. 

On the one hand, the spectrum to be detectable by a detector always has to be 
broader than the spectrum illuminated on the detector to avoid decreasing of the detector 
sensitivity at the respective ends of the spectrum to be detected. 

On the other hand, even if the light reaching the detector would cover the entire 
spectrum, the light originally radiated by the illumination does not need to cover the whole 
spectrum since fluorescence may lead to frequency shifts which in turn lead to a 
broadening of the spectrum. 

Berends was not cited against claim 29. 

Thus, Applicant respectfully submits that claim 1, as amended, is distinguished 
over Berends 



In light of the above, allowance of independent claim 1, and claims 2-8, 10-28 and 
30-37 depending therefrom, is respectfully requested. The Examiner is invited to 
telephone the undersigned if he has any suggestions that can further advance the 
prosecution of the present application. 

Respectfully SubrmittefW- 



Raymond Sun 
Attorney for Applicant 
12420 Woodhall Way 
Tustin, CA 92782 
Tel: 949-252-9180 



I hereby certify that this paper and its enclosures are being deposited with the 
United States Postal service as First Class Mail in an envelope addressed to the 
Assistant Commissioner of Patents, Washington,:^. 20231 on the date shown below. 
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Version With Markings to Show Changes Made 
^Qtu&s Marked up replacement paragraph: See enclosed substitute specification. 
Marked up rewritten claims: 

1. (Amended) Device for the quantified determination of the [quality] properties of 
surfaces having: 

a first optical means comprising at least one illuminating means, its light directed at 
a predetermined angle to a measurement surface which is a part of the surface to be 
measured, as well as a second optical means which is directed at a predetermined angle 
to the measurement surface and which receives the light reflected from said 
measurement surface, whereby said second optical means comprises at least one 
photosensor which emits an electrical measurement signal which is characteristic of said 
reflected light; • 

a control and evaluation means provided for controlling the measurement 
sequence and evaluating the measurement results and which comprises at least one- 
processor and at least one memory means; 

an output means; 

wherein said illuminating means comprises at least one light source which is a 
light-emitting diode (LED), 

said light sources of s aid illuminating means exhibit spectral characteristics such 
that radiation is emitted essentially uninterruptedly across essentially the entire visible 
spectrum; 

[whereby light emitted by said illuminating means is configured such that its 
spectral characteristic preferably comprises at least the blue, green and red spectral 
components of the visible spectrum, and] 

wherein at least one intensity of one light source is controllable: 

whereby a filter means is provided which is arranged in the path of radiation 
between said light source and said photosensor, and 

wherein said evaluation means evaluates said reflected light and derives therefrom 
at least one parameter which characterizes said surface, in particular the fluorescence . 

3. (Amended) Device according to claim 1, characterized in that at least one of 
said at least one characteristic parameter is taken from among a group of parameters 
which includes gloss, haze, fluorescence, distinctness of image (DOI), a representative 
measure of the typical wavelength and the amplitude of same (orange peel) of the 



surface topology of said measurement surface at a predetermined wavelength interval [, 
whereby for the determining of said representative measure, an evaluation may also 
transpire at two or more wavelength bands, and a color of said measurement surface]. 

7. (Amended) Device according to claim 1, characterized in that said illuminating 
means comprises a plurality of light sources, wherein each of said light sources is a type 
of light source which is taken from among a group of light sources which includes light- 
emitting diodes, thermal light sources such as normal and halogen bulbs or such as 
mercury, deuterium or xenon light sources [, etc]. 

20. (Amended) Device according to claim 19, characterized in that said spectral 
means comprises at least one spectral splitting element which is taken from among a 
group of spectral splitting elements which includes absorbing, bending and refracting 
optical elements, phase and amplitude grids, surface and volume grids, transmission and 
reflection grids, holographic optical elements, color filters, color filter wedges, and prisms 
[and the like]. 

21. (Amended) Device according to claim [18] 19, characterized in that said 
spectral means spectrally splits the incident light such that different wavelength bands of 
said incident light are deflected to different areas of said CCD array such that different 
photosensitive elements receive different wavelength bands. 

33. (Amended) Device according to claim 1, characterized in that the light emitted 
by said first optical means is directed to the surface at such an angle such that the light 
reflected directly from the measurement surface in accordance with [the] Fresnel 
reflection is at another angle with respect to the measurement surface than the angle 
between said measurement surface and the light reflected from said measurement 
surface as received by said second optical means. 

34. (Amended) Device according to claim 1, characterized in that at least one 
photosensor comprises at least [tow] two, preferably three or more photosensitive 
elements, the electrical output signals of which can be acquired individually and which 
differ in their spectral characteristic such that the color of the reflected light is 
ascertainable as an optical parameter of said measurement surface. 
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Backgroun d o f the in ven t ion 

The present invention relates to a device and a method for 
determining the quality of surfaces, respectively the visual 
properties of surfaces. 

The present invention relates in particular to a device and a 
method for the determining of the color and the color 
properties of surfaces. 

The quality, respectively the visual properties of a surface, 
is to be generally understood here as being those physical 
properties of a surface which determine the appearance of a 
surface for a human observer. 

Besides for color, respectively impression of color, these 
properties also include gloss, haze, distinctness of image 
(DOT), color brightness as well as surface texture and orange 
peel , etc. 

The color of a surface is an especially important, criterion for 
the assessing of surface quality, because the color, 
respectively impression of color, is a decisive feature for the 
overall impression of a product m the case of numerous 
consumer and technical products. 



Tn many fields during the manufacturing of a product, it is 
crucial to ensure thar. the color of the product being 
manufactured does not change during the course of production. 
Such changes in product color can result from environmental 
conditions changing during the course of production 
(temperature, moisture, surface nature, etc.) . In order to 
avoid such changes m color, manufacturing equipment must be 
monitor ed continuously or at regular intervals and products 
must be measured individually with respect to the nature of 
their surface. 

For this reason, surface measuring and color measuring devices 
have become known in the prior art which can determine the 
visual properties of product surfaces. Many known measuring 
devices are however of large-scale size and represent great 
expenditure and expense in their acquiring and operating. Other 
known measuring devices are portable, yet provide only 
insufficient precision or accuracy. 

It is therefore the task of the present invention to provide a 
device and a method of the type as indicated above to enable a 
reproducible and quantified evaluation of the quality of 
surfaces . 

A further aspect, of said task is to provide a device which is 
small and simple in its construction so that a user can 
effortlessly take it with him and can use it for determining 
the quality of a surface without the need to utilize any ether 
auxiliary contrivances. 

This task is solved in accordance with the present inventive 
device as defined in claim 1, 

The inventive method comprises the subject matter of claim 36. 
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Preferred embodiments of the invention constitute the subject 
matter of the subclaims. 

S u mma r y _ o f the invention 

A device according to the present invention for the quantified 
determination of the quality of a surface comprises a first 
optical means having an illuminating means, its emitted light 
directed at a predetermined angle to the measurement surface. A 
second optical means, directed at a predetermined angle to the 
measurement surface, receives a portion of the light reflected 
from the measurement surface. At least one photosensor is 
arranged in said second optical means which emits an electrical 
measurement signal which is characteristic of the light 
received by said second optical means. 

A control and evaluation means is provided for controlling the 
measurement sequence and evaluating the measurement results and 
comprises at least one processor means and at least one memory 
means. An output means serves to display the measurement 
results and/or the evaluated data. 

The illuminating means comprises at least one light source, 
whereby at least one of said light sources is a 1 lght - emi t t ing 
diode (LED? . The light emitted by the illuminating means 
exhibits a spectral characteristic which comprises at least the 
blue, green and red spectral components of the visible 
spec t rum . 

A filter means is further provided which is arranged in the 
path, of radiation between the light source and the photosensor, 
whereby said filter means may be arranged either in the first 
or in the second optical means or at any other appropriate 
position in the path ot radiation. It is also possible to 
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provide several filter means, whereby a first filter means 
spectrally filters the light emitted from the at least one 
light source of the illuminating means of said first optical 
means and a second filter means is arranged in the path of 
radiation m front, of the photosensor and likewise spectrally 
filters the light reflected by the measurement surface. 

The evaluation means evaluates the reflected light and derives 
therefrom at least one parameter which characterizes the 

surface . 

The device according to the present invention has numerous 
advantages . 

A device in which a first optical means is provided with an 
illuminating means having light consisting of blue, green and 
red spectral components in the visible spectrum is highly 
advantageous since this then also allows for determining, for 
example, the color of a surface. 

That the illuminating means in the inventive device has at 
least one light source rendered as an led is of great advantage 
since at least one light: source is then configured to be 
substantially resistant tc aging. 

In a preferred embodiment of the present invention, at least 
one of said at least one characteristic parameter is the color 
of the measurement, surface. The inventive device is 
particularly well -suited for the determining of a color 
parameter of a surface. The inventive device can be of compact 
configuration and is then, e.g., readily portable. This enables 
also carrying out a determination of surface color at poorly 
accessible spots. 
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In another preferred embod i ment of the present invention, the 
characterisf.u: parameter to be determined from the surface to 
be mea.su red is one taken from among a g roup of parameters which 
-includes gloss, haze, distinctness of image, orange peel and 
fluorescence parameters and characteristic values, etc. 

The inventive device is preferably suited for the determ.ining 
of two or more different characteristic parameters of the 
surface to be examined. 

In a preferred embodiment of the invention, a parameter 
encompasses a plurality of characteristic values which each 
characterize a reflectivity or remission capability of the 
measurement surface. It is then fundamentally preferred here 
that each characteristic value is preferably characteristic of 
a spectral reflective or remission capability at one wavelength 
band each. Preferably, the plurality of characteristic values 
of said parameter describes the spectral progression of the 
reflectivity or remission capability of the surface at a 
predetermined wavelength band. 

Such a configuration is highly advantageous since the 
parameters to be determined comprise a plurality of 
characteristic values which characterize the spectral 
dependency of the surface properties to be determined to the 
wavelength . 

Essentially, each of the characteristic values is then 
characteristic for a certain wavelength interval, whereby 
individual wavelength bands may also overlap. 

[In accordance- with a pr-ef-er-red ■ e mbodiment — e-£ — a^r4 — fc-he— 

i-nv cnt i ofi- — the — illuminating means — h^s — two , — three or -a-- pl-u ra-1 irfcy 
of -light sources which are- -re ndered no convcnt -^efra4-^irCfht 
sources as known- -in the p-r-i-er— a-jet-- — Light — sources employed — trt- 
t-he— i -1 -i-ami Be t-i-ng - mea n s a re preferabl y — 1- i-g«t — emitting diodes - , — 
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t. her ma 1 — light fl fflff coo Guo h— - norma l- bu 1-b -and halogen Iight- 
^our -eeg or s uch ^s-mer-eury-; — deute^rir-um-or xenon - 1-tgbt- setn-ees- 
and --t-he — H-ke . The — i-ndi^vid ua 1 i ight — sottfoe fi ma y- be co upled— via— 
one of-sevc ra 1 --be am s p 1 1 t tor 3 -. 

Accord ing -t-o— an -espee i.a 1 ly pr ef erred e mb odimen t of — the pr eden t- 
in vent i en-^-at i east- t wo d ifferent-- light — sources- pre ferably - 
d±t ■ f e r i ng in t heir- s peet-ra 1 emissions ar c emp loyed— i-n—Lhe- 
■i-1-}. urni'iating— means .- 

This-ewbed^-ment -has— t- hc ad vantage— that- - empl oying t -wo- opect r-al ly 
diff erent -em i 1 1 ing — 1 ight- sou- rccn ena bles achiev ing high 
i nt. ens i -ty aeros o a greate r-— wavel ength ba nd. -A- high in ten sity of 
radi a tion- a oro:in a — gr-ea-t-er- wave lengt h- band- increa ses the— 
accuracy of t-he- mcanu remont. since t-he- signal to no-i-se-- ra 1 10 i-s— 
improved - a nfi hence -a-1 so t he accura cy in deter mining t-he— 
pa-rametor . 

In accord anee with -one- o r oeveral o f- t he pr-ev-i ouoly doacr -i bed 
embod i men t-s -, - ■ i. h e lig h t — sources of t -he ■ ■ -i 1 1 um 1 n atino moans h ave 
t hose - s pect ra 1 — character i st ics such t ha t-^=ad i a t i o n may be 
emitted at- essent- -i-airi-y ---a o roes- t he entire visible range o t-t-he— 
spectrum - — £t — i s however also possible- to- -det e r-m i-ne-a -c o lor 
p arameter of --a— surf ace when th e — surface — is— 4 11-uminated— by ,- fer- 
exam pl c , — ortiry- th roe different appropriate wavelengths; — however, 
mcoo u rcnicnt — a c c u r a c y 10 1- no rea-s ed - when— r-a^Mat ion -is emitted at 
aeross-t he— ent 4 r-e visible — range: of — the — spec t rum . 

in — acoor -danee — w- ith a — part icu lor-ly- prefer red embodime nt — of — one 

present--i n-ventTiron-; -t-he — iri-l-umi-nat-ing- mcans h as a - pl-ural-i ty of- 
ti-ght — sou rces , — wher -eby- preferably- csscnt-i-a-lr ly all of — said light 
sou roes a re render ed as — light em. i 1 t i ng— diodes- { LEDs ) . 
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Using -bFDs as^:-he light sources in the d eviee - is-of great- 
advanttKje si nee- LEDs-^ee--sma^lr- c ompact --1 ight - ^e^rces— requi r ing- 
1 i t tlc s pace- so t h at the - d evi co a s a wh ole— may— be- -eoft£±gu-red- 
smallcr - th an it -eaft— when using -ot her 1 i -ghe— so urces -a-s— ^nowrt^-n- 
the -pr-*e-r—- art .— A— f urtrhe*=— ad vantage of -bHH-ng^rfiDs ,- ^md- 
pa rt icular 1 y- - wd-eh- -the- i r cx e lu sivc use-; — 3rs- t ha-e-^EDs— exh ibi-e- 
re^at-4ve ly n egl ir gible 9 igni3 o f - a ging a nd ■ neither- doc s- -ehe- 
posit io n of- the jrig ht cmitt -im g body 7 - respect i vely light 
emirtt-ing-- sur f ace , f u ndame ntal ly cha nge - due t -o- a ging o r impa ct — 

An - a go contin gent — e&a-nge--i n spect r-a-.l- emissi o n occurs with - 
eonvent-iet^a4 — 3-4ght- sources -di sposed w-i th-afe^inea ndesccn t-^raffip-- 
or f ilame nt-. - Parts of----t- hc f i l ament- wi 1 1 -e vaporate a nd th ±-s ■ 
ev aporat ed m a tona l -bui lds up -on - the ins i de of th e - f i 1 am en t 1 s 
s^r-r-oundin g gla ss body^ — thus - o hanging the- spect ralr trans m ission 
of - th e glass -bo dy and hen ce the spe etra- 1 emi s a jr on of the light - 

t-hae— s i- nce the — amen -fe — i s b as-iea lly spring mou nt cd a bo ve the 
connect ing - le ads , — t-trs—pos-i-ti- on can cha nge- over fc -he -co urse -of ■ 



Just — for th - i s r ca son a4ene-; — a measuring d ev i ee— e quipped wi t h - 
eofive*^-iona4--l-amps needs to ■ be re c a 1 : b r a t e d — from time — to time - 
in -order to achieve— a -h-igh precis i on a-nd- accuracy : — 



A further- advantage— oj— semi — eottdeetor- sources o4l-- radiat i on such 
as LEDs and the — t^k-e — is— tha-t — these types— e£ — radiation sou - r ces- 
emit a — temporally stable signal — short 1 y after switching them on 
w h 1 1 c oonven b -i ona-1- - -bu-1 bs- f teed a cons idera-bly— l onger peri od -of 
t i-me i-rv- order- -eo— emit — a — temporal 1- y con stant rad i at-iorr -due — ee— 
the rmai — sources— of — r-adiat-i-on- being subject to— m f luonccs of 
temperature- -and thus the i-ndi vi-dua-jr-e omponcnt s — such as the 
f i lament , — the — s urrou n ding glass — body , — etc . , — first — needing — ee— 
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warm- up to— worki ng temp e rature before a tcmporaU y-<?en&taftf/ 
radial-ion can— be emit ted . - 

Anothe r adv-arteage wheH— emfijroyiH e teh-LtjD»-ae- -i i ght oou rc oo is t-ha-t- - 
the po wer nec e ssary fo r ■ t-h eir op e ratio n - La les s t- han it -i o wi r-h 
eertven-e- i on a L bu lbs so -th at the dev-iree— aft a who le eonsumc s- 
ove-r-a+4. less energy-, - ^ij is espeeial^y-^advant agcou s when-suoh- 
n mca surirsg-dev ice is— to be rendered 4'-er--port-abie--operaeren and 

^reft*-^ -battery— e>r-- storage- eel -l--s^r nee the — inventi ve d eviee- 
ean theft-be eonf i gurcd to be— sffla.l ler-fsffla* ler- st or a ge- eelr^ei 7 — 
respect i vc 1 y — t-he mea suring -- per i od c an - be exten de d by employing — 
a set^of — batteries - or st orage cell s. 

4 n— another pre fe rred embodiment of the - present invention, — t-he— 
inve ntive dev ice c omprises at least one -th ermal — 3r4gh-t- sourcc - 
whieh i s th.cn pref erabl y rendered - as- a haloge n- ligh t so urce — 
The use-el — a ha 1 ogen -1 ight— s ource In add ition to one , - 
prof era b 1-y- oevera I LED light -sou rcco also ha s - -adv ant a ges. Thc - 
dclibe rate employing of one or sever al LEDs and, — for- exa mple , 
one halogen light— source can boost the s peei f-ire—s pect ral 
comp onerht-s — in the vis ible—range of— the spectrum such tha t the 
speetr-al - -d i s t r i eu t i on— or—- t-he- emitted -14gh-t— ex h i bi t s- a high 
r ntcnsity across a greater spectral ra nge-. -A preferab-ly- 
uniformiy high-- intensity— aei-ess a- j^arge— wav elen gth- band — i-n— t-he— 
r e 1 e v an-t— ea-r- e— e f- - t-he— speeer-tm> -grant-s— a— e 1 ea r — i-mp- rovemcnt — in the 
eignai — ^e— noise r-a-t-io and t-hus in-e-he- measu r ement. — resu 1 1 . 



With conventional — measuring dcvicco -- the- progress ie-n— e-f— 
spectr-al -i-n-t-en si ty is often bell — shaped and fa 4 1s of f — a4eng- 
b oth sides ot — t-he - spectrum -f-rom— a— max-i-mtmt -s pcut ra 1 — intens i -fcy- at 
a - given wa v el-eng t h- so t ha t on4 y— a — sma-1-4 — i-n- tens i ty — is achieved 



at ow— or- -be^.n-^ ranges of the speet rum .- -How cvc r - — measurement 
accuracy is def-i-ned — by-; — among other — r a e t o r □ , - 1 he ■ -mr-n i-mum-- 
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i n ten s ity , — respectively poorest signal — to noino ra tio in the 
r e4ova n t— p art of — the-- spe-e-t-r-t««-r 

■I-f the - -nti-f i i mum m-^nsi t-y — es- now 4nerea3e4-i-fl- the -r e 1 cvant ■ part 
e-f — the a pee r, rum- by the uac of -a- p lurality of -LrB Do or by - 1 he~-t*se 
of at - least- -en e-LrE D and a halogen -I ight aourco -;- the mcasurcmcn t- 
aeeuracy ■ e t- t a i ncd — 1 ikew-ise-i ricrcaucd. — 

Junt employ ing -one LKD in addi - tion to -a- thermal — 1 igh t source 
als o re d uces- the- -maintenance ex penditure — for ■ suc-h- a devi -ee 
e^rf icc at — toast- one of the sour-e en of — radi a-t-ion -is-s ub j cct — to- 
none— or-on-l- y minimal — temporal — eha-nges ■ so- t hat the effect 3 o f-- 
t-i me--a-r-e— I con aero 00 -e hc entire opectrum. 

In a — further preferred embodiment o f — t-he— i-nvefrti-ion-; — the control 
means- i n— t-he — inventive device — ij configured — ±-n-sueh ■ a ma n ner 
t--hat- same - eont-rol-s -th e measur emen t ocq tt oncc auch that at — least - 
one f 1 u of-eseenee- para mete r— i-s -def-i-nable-- f or the measurement 
surface-.- 



-r-w-3-n-irng— of a fluorescenc e parameter — fe-e — the measurement 
surface — Is- highly ad vantageous . Convention al mea suring— 
appa f atuooo an d--dev-i oes mea s u r-e~, — f-o r example, — the color of — a— 
measure ment ■ su-r f ace . — However , — fc-he- eolor-of- a measurement 
su r- f ace^ — respect i vely t he - visua 1 impression of a mcasurcmo n t - 
su-r face-; a loo d epends- up on the t ype ■ of -rad-iat- ion-, — respect lvcl y - 
t-he-spe ct ra I diot r 1 b ut ion of the -radi-a- tion with w hich- 1 he ■ 
mea su r emen-^-s u r f a ce—-i s i- 1 lumina ted --Yet-m any material s- or - 

measur ing- deviees---e annot d etermi-ne^ — S hould oueh t ypes— o£— 
surfaces be lllum i- na-t eft- with radi a t ion o f - - a certain wavclen g t h-,- 
t-he — H-uorese cnt proper -t ics induce - t-h e radiat i o n- g Wert- off by 
t-he s urface to - b e at. a nother wave le ngth . - The visu a-1- -i- mprcss ion - 
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of the sur-faee-is thus- dependent: upon th e 
of — t-he t4 I umiri a t i ng — l-i-ght--sotHr-ees .- - 



te- invention, -t-he 
-9tK?h t-ha-t — the— 



l-n-a £ u rthc ^- preCer rod ombo d imenf— of -the pie 
cont r ol m o arm eon': rol s- -t- nc firs t --opt- ioa I - we 
- light s ou re es of said ■ £ i i ot optic a 1 moans cm It; — r adi a -t i on- 
simul taiteeu^l-y-at- least - at one - point— i-n—t-i me so -te- lighe-ffom 
a ll--t-he— i-t-ght sou tees t hus -- Impin ge o the — suit a oe- to b e e xamin ed ■ 
at said p emt -i n--t ime . - 



The simul taneous -14 i urn i natio n of -t he ourfa ee to- be e xami ned by 

essentially all - 1 i qht sou -rees has— the adva ntage- that th e - 

i mii v ±-ek±a4 — 1 i ght o eufeee- can then de -1 i-ber atoly boost -sp eci f i c - 

spee-t-^al regio ns go that t he— em it Led — light cor res ponds 

essent ial ly-,— at — least — a-t — this point- -In time, — to a - pred etermin ed 

spec t r-al — di at r i but ion . - 

Tn another preferred embodi ment— of the -present— i nvent ion , — the 
eent i'ol -means—is — rende-red-in such a manner ■ tha-t-- t-he — f i rot 
opt i ea4 — means— of- -the -device is controlled such that — at — leas t- - 
two speet rally -different— lig ht sources of — said first optical 
means-emi-t — rad iation essentially one after — the othe r-,- —whereby— 
preferably eo sen t ial ly --all— the -s pect ra l-ly— d i f f c r mg ligh e--- 
sourees of said--f irst op e±-ea4 — mean s eac h— em-it- radiat-ion- 
suc cessivcl v . 



the sense of the present— i n vent i on -,- — "spectra l ly d if fering 
tight sou^ees-" — Is — to- -be— understood as -tha-t — the spectral 
distri -but ton of- -the — int ens i t v - - of — t he- emitte d radiation differ 



■In- at — least one w avelengt h band so that one — e ould dese -rl be t he- 
■1 ign* — so urces as bei ng- 1 i ncarly independen t— from one- anot -her-- 



For -ext impl c , — t^o identi-ea-1 — halogen bu lks — also-- rad iat e 

sp e o t r -a 1 1 y d i-£ f erenfc— d i 3 1 r i bu-tlons of intensity— i f they— a-re- 



op^rat-fHi at d 1 1 fe-r-ene- v ol r ngoa , — oinoo tho temperature of - the— 
f-ir4ra?nentT -and— consequently- the— spec t-r-a-1 e harac te-r-ist. ie of- the 
ther mal emitte r; — change 3 - acco -rdi-ng— fee vo-l-eage.- i- n the so n ac of 
the pre sen t invcn t4ofh — few*-- -s uch ope rati on e 1 1 y di i fer cnt. hal ogen 
bu • bs— a^e a 1 s o spec t- ra 1- ly dlffer -i ng omi t te-r-e^ — -r espect lvcl y- 
* i-ght sour-ees . 

P-ref e rabi y - ( howe ver , - "-speeer-a-l 1 y - d i f f e r-4ng 1 i ght - sour-e cs" ■ * s ■ t-o 
be- ^under-stoo d an tha t- di f fcrcnt - typ es of 4 ight--- sources- arc 
used-. — For e xample , red-; — green , - -b4ue-^md v ol 1 ow ■ LED s may be - 
employ ed which crr.i t rad iation at d i ffering s -peo tral regions^ — J-t- 
i s howe ver also- pous ibl c to -empl oy a ther mal - cmi t tcr suc h as a 
haloge n— or oonvef it iona 1 — 3-b§bt- --bulb w hich h as- se veral hEBs -of— 
£±4-4 er-t-fiy colors-^ — 

Gont rol 1 i ng such npec t. r a 44ry— e i- f fermg— light so urce s sueh that — 
radiation — is emit te d— sueeessively ia also a dvant ageous — o i ncc 
the ligh t ■ from-the- s pect ral ly differing 1 -ight oourcco as 
rcf l eeted-f rom the sur face can be separatel y— received and 
evaluated . 



In -a — fur"-ehe-r— p rcf er r ed embodiment of — the present — invent ion , — the 
control means eont-r-ols- the — fi-rst - and- the— second opt ica 1 — means 
su ch that one mea su remen t — is performed in which the at -— least ■ 
t-we-7 — p r e f c r a b 1 y -a 14 — tight—sources emit -r adiat --i on s lmul t ancously 
a-Hd-tha-t- another - mea 

t-wo 7 preferably a 1 -1 -spectra 1-ly— di f f cr i ng ligh e- 
emit- rad-iat-i-ef* essentially one aft o r- the- other respeet ively . 
T he seq uence -of-- these me asurements — (measuring -wi th s everal 
3 ight— sou rces si mult-aneously-T— me a a ur i-n g wi th the -individual 
■tight sour-oes- suc?ccsoi -yely)-- is contingent — upon - the -given 
e^-reumstanees -{- nature - of the- surface-; — e tc . ) . 
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Such- -a -eofif-i-gtH^tt ion-^L-s ■ ve ry jdvjntagcouj since one me asurement 
can-be -eaifr i-ed- etH:- on -the - one-4**nd— w-irt h- t-he— ent ire s pcctr nm- 
wh i 1 c t-t — is als o pos si ble to recan t** e4fH3i vidua 1 -speefc r-a-1— 
reg ions a s wc 1 1 .— 

If a fc ■■ ^e^-of te-mea bu ^eweft t- - i-y- perf-e-r-med -^-n— wh4 e h o p e e t-ra-1 1- y— 
di- f f cr ent 1- ight -- s ources -emi-t— r-adi- at i o n su ccosa i vc ly , the— 
■i n4t¥ i dua rement r csult -s- of— sa-*d i ndarvirdtta 1 1 lg ht— soureee 

or sa4d- spec t ra 1 1 y a i f f-er-i: ng 1 irgh* sourees- a re -£^rled-arR—t he- 
memo ry-weans--e^-the deviee. T hen -at least-- one-£ luoreseence- 
p^Heaffle tcr ia - pr c £ c r a b 1 y-- do r i vod £- row— sai d mcasu -r cmcnt rcsul t s- 
so-fe hat b es ide a t or a- para meter— stieh as-, — for- exampl e; — ourfacc 
color, -a*:-— least - one m easure— of- the sur f -aee- f- luoro s ccncc -is— 
add i t iona 1 1 y deter-m-i-ned . This d eter minin g of- -a--sttr fae c 1 3 - 
f 1 uoreseenoe pr opert ies i-s^ve-r-y- adv antag eoti o beGa use-d^^e— to- 
diffe ren t produc t-. 9 - being us e d under th e- most dif f ering o f-- 
ligh t i- ng cond itions — a-n— ob server 1 s — imp ress ion of- colo r - a loo 
depends -upo n the — £4-uo rc3ocn t pro perties -of - the surf ace^ — A— 
measu r emcnt su ^f ac e can be -bett er charact e rized by - ■ t he— 
dctcrmi n -i n g of — at — 1 ea s t— one — fluor es cence pjramc t er- 

In a further prefer-r ed embodi ment of - one or seve ral: -o f the 
previously -^ deocf -4-bed— embodiments , a plural -ity of ph otosen sors 
irs— prov i ded , sa id- photosensors p re f e r a b 1 y ar -r-a*»ged-ad j a cent to 
one ■ another- Especially prefer red -i a the arrangem ent- in to rows 
and/or i n to rows and columns, — where by - - particularly prefer r ed is 
the use of -a diod e- array or a CCD ch ip.-- Employ ing— a— p- lura I i ty -- 
of --ph otosen sors -arranged m a--r-ow o r on a — sur-f aee- al 1 ows- f or 
the determi ning of a -number- of signals -or -portions of- - si gnals 
essent ial 1 y s-im i 1 1 1 a n e o i is 1 y . 

^mployi-ng a G£D eht p o ffer s th e— adva ntage that- -th in type of 
se nsor is universally prevalent and -is- -of- -high-and ^eremost- 
qua 1 i t y . ■ 
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Part t-^ulariy when a-p lural i.ty of— phe t.ononso -t 
not 1 i m-i-ted t he refco-r- -a s pectr a 1 -means— can— be a r-r-anged ■ -i n the 
path -of— radiat i o n between the — i-j-4-umin a t ing - means -a mi the 
photose nso r- ( s ) whi eh-- 1 lien s pl ± t s th e i noirdent - radi at- ion sub] c ot 
to w a v e 1 c n g t h . - - Wne n e m p 1 oyaVng- -a- pltH^a44 ty-e£— phot osen sors ,- -i-t- 
is the n pre ferred t-h-a-t ■ t he— speet ra 1— means sp lits -the inci dent— 
■1-igh-t-stieh that- - trite- d i f f- c ren t wavel-ength b^nds-of- -the— i-ne idcnt - 
Vig ht are then -d e f loot e d -to- differ e nt phot ose nsors ,- 
roopect ive ly-dif fe rcnt a ^eas-- of a G €£> ar ray . --The- i ntens i t-y— en- 
the — irnd-ividHa-l- -p hot, oo e ns 4 1 ive- e lement s, respect ivc iy- 
phot osonsor o , — is- then repr-e o c n t a t - i ve of— the— di f f er ent 
wa velength bands and - the elect rical out p ut ■ signal of an 
i ndi vidual -pho tosensor - -is oharae tcr i st ic- of the — radiat ion 
rece ived at- s aid corre spondin g wave l ength- band . 

it is -ho wever also possible -th at only one photo sensor — (-o^- only 
a f ew -photosensor-s-) — are employed .— -in thi s case, — 3rt — is th en- 
preferred wh en-mak ing use of a spectral m e ans - that either the 
iliun ^ nating means — is arranged -d i-sp 1 a ccably or rota t a b 1 y -a nd/ or 
that- the -p hotosensor is arrange d displaoeaJs4-y or rot a-tably .--In- 
such— a— conf igurat ion , — the posit ion of—the — illuminating -means,-— 
respeet--i ve-1 y - - photosensor -, — is controlled such th a-t- the 
pho tosensor — rccc irves different wavelength bands one after the - 
other so -that— a spectral distribution may be determined. 



^e provision -o-f — a- -speet-r. a \ means in- the ± riven t-i ve--dev4ee- -is- ■ 
h tghl y--aovan tagcous beea-u-se - this enables determining a- spectra* 
distr-i-but ion of i ntensi ty -to the -light - rof 1-eet-ed-f r om the 
et irfacc . — 



Prefer-ably^ — t-he — speet ral means- comp rises at — least on e — (or- 
ocve f^H — spectral -sp litting eleme nt-s- whi eh -may - be a spc ee ral - 
sp4-itM-n g eleme nt common 1 y — em p 1 o y c ri — is — t4*e — pr-i-er- -art— — a-s — for 
e xample bending -an d/or r etHf acting optical elem ent-s-, - absorbing 
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t ransff il go i <m and- rcf 1 cct io n- grids-; — holog raph l -e-opt-i oal 
elements-; — into f feireR co filters, -eeler- - f-i It ers and eelo r filte r ■ 
wedges , — edge s or cut off fi 1 te^ — prisms- and t-he- 1- iko . 

The s pectral sp littin g clement, — res pectively t -he spectral ■ 
means, is at range d in t-he path of -r adia t--iren in t he inve ntive— 
dev i ee--w hcrcby i-t-ls pes sibl e that said s pectral s plit- ting 
element is- rendered a g-a- reflecti ng or t ra rtsmi-et- ing clem ent .— 
When rendered -as -a— ref loot i rtg element-; — a- -surface -r ef lee ti o n 
grid as u sed in convent ion al -spec trometers is - prefe rred . — When- 
rende red ao a t ra rtsml-t-fcl ng spee t-r e-\ — spl i tt ina element-; — a— 
holographic -tra nsmission grid for ex ample ca n be - used, wher eby - 
the- -hologram- subs trat-e can— be- di eh r ornate g elatine ^DGG-H — 
po-l-yv-iFty-l- -a ieoho-1- or other sueh -si-m i lar mater i a-1 Color filters 
and eole-r- — f ilter wedges arc also particularly prefe-rred-— 

H — in a loo possible to arrange a p I ur -a-ltt-y- of speet- ral^- 
s plitting clcmcnto — in the inventive device, — also di f f cring - 
onco , — wher-eln---one -or- s evcra 1 — can be configured ao — t ransm i t-t- i ng- ■ 
elements and one- or- several — ao rcflccti -ng el om ent-s-: 

1 1 i a c c o id a n ee- w i t h a further preferred cmbod imcn t— of --t-he— 
p resent -i-f * ven t -i on , t he — filter means — is-eon figured in—sueh-a- 
ma-nner that— th e spectr -ai -ch arac t eristic of — t-he — i nc i dent — }-i-ght— 
may be chan ged- acco rding to p r-edet-ermi ned filter propert ie s so 
that the spce tr-al-e haract er i st -ie o-f— ehe-l±gh-t preferably 
co i ne- ides — subnt an t-l-at l y with a -pr edc eerffil ncd -s pectral 
dtstr i but i on-- The — t- i 1 1 o r m eans can be rend ered as— -a - r ef lce t-±^g - 
er— transmitting— N-^eer means and prefe r-ably- has at- -leas t one 
filter element . —i-t — Srs- a Iso- poss lblc -r-ha-t at least— one- 
r-el leet i ng as wc l-l--a s also a t least— o ne tranom i tt ing— il l ter 
element- -a r e p r o v l ded^^ i the f i 1 1 e r- means whic h may also be - - 
a rranged -spar-ia l ly sepa rate - f rom one a nother- — ftel lee t i ve — filte r 



elemen t s or filter means reflect — me-iden-fc- 1 igh t— and are - often 
oonf i gu red - irn su ch j man ner that -- seeoir-H-e -waveleng th band s - ^re 
ref ice ted better than - othcrs 30 -t hat thc -- light r ef looted - f rom - 
t-he fi-j- ter means ■ exh-i-bart--s -a- spect ral - ■-<: 3- i 3 1 r i bu t i on 7 ■ s pectra l- 
eh-a r a o t e r i s tr^e- -r-e^ pee t- ivcly, wh ich coi -nei dca s u bs^art t ± a lly w i-t h 
a p r e< ie t-e-r-m i ned sf *ec e^ra-1 d i-s-t^a bu t ± on— 

Transmi- t t ing 1 -liter elements or- filt er mean s arc -us ually so- 
cen-Mgurod such that--speei f ie-w avc l ength bands- -are t r ansm -i-t ted- 
better t ha n-ot-h c r 3 , --who reb y i t — t-s possibl e th at- spe cif i -e 
wave length bands - may be a bsorbed or tha t s pecific wav el ength -- 
bands -ar-e-a-t — least p a r-h-'i a 1 l y ref i c eted or - - that — spec i f -i-e- 
wave leng th bands a re -seat t o rod to a grea ter or lesser- degr ee . 
This makoo it possible - -f-or---t-h c spect r-a4--d 1- 0 1 r ibut i on of— t-he— 
t^aii omittcd light -to a pp r oach a prcde t-e r m 1 n od opoctral - 
dint r ibut ion . 

Employing a — f i 1 tcr --means -wh-i-eh- adapt 3 the speet-ra^- 

characteristic of the i rne±den-t — 1 ight to a predet ermi ned 

spect ra "I — d i 3t ribut ion — irs— o£-gr-ea t advantage — in order to- provide 

ehe-mea surcmcn -t— eo ndi tiona wh ireh— w-i^lrlr-ertable -hi ghly 
qualitative measurement — rcsul t 3 . 

ffi-aeeotdanee wi-fch---a -f- urthcr particularly preferred -embed imerHV- 
of t h e-- t-fi-vertf-.ive device, the predetermined spectral 
d 1 3 1 r -3-butrion is a standard distribution as has -become ■ 
3tandard i-ged-4:n the- - prior-- art . For- exampter — i 1 luminat io n— or— 
mcasu -r-if*g-ean--tr-a .n3pi re with the C } ight — t y p c 3 t anda rd-r~ fche-D6£ 
1 ight - type — standard, the A light type standar d or o th er such - 
simi-lar- standards . Conduct i-ng-a- measurement with o ne- of- the 
a-fore mentioned — 1 ight - -standards -is-hi-gh l y advantageou s— be cause 
t-h-i 9 -T>i4 owo c onduct i ng -t-he ■measu-r cmont — pr ocedur e -with -spectral- 
light di st-r-ibu- t ions which are 3 1 anda rd i -Red-^nd as- e-iose — to 
reality as po ssi ble. 
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In - accordance -w-i th a not -her— pr eferred ombod imc n-e-; — fc-he-- 
pr-ede t e rmifted ■ spe ctra 1 — di st r-i*ni t i or— has es^rrt i a 1 1 y a 1 i -nea r 
p r ogre a s i o n of. i-n ten — (part i oula r 1- y prefe r r-ed^ — a~eons t-a-F^e- 
progr -eesiof i of ■ inte ngity)-a crooa t he wave le ngths — i-n-a - 
pre deter mined - region - of- the s pec t ru m. Said p redete rmined 
wavele ngth band pre ferably com pris ca e ssen tially a t le a o t t he - 
visible ran ge of the- apo et-r^m betrween- a bo it t- -4^9-- and - 7-0£-h : }w-7 - 
Suc h a pre determi ned apc et-r-al - diat r i bu tto n a 1 so of f or a 
advantages— si nee par ticularly when illumi natin g or mea s uring 
with an - essent-r-a l ly const a -nt progr ess io n—of ■ i-n tenaity , — a- -•good— 
signa-i — to noioc — rat 10- -is achieved- acro ss— the re-l evant 
wa-v e lenc ?t-h- band . 



In aeee-r-darteo-- wi t h a further- p refer red em bodiment o f- - one- of- 
scveral — o-f -trfce prey i ousl y-d eser ibed -embo d iment s , — t-he-- devi ce and 
±-fc-e — i-nd ± v i due i - e-l cmcn - ta are configu red-- such that — a apce t-ra-1— 
measu rem crit cha ractcr l a t ic — is c sa cnt-t ally proportional — to— a— 
product of th e- -s pectral distributi on -o f a atandard light type - 
and the visua - 1 — s ensitivity of — the human -eye-.— 

T he spectral measurement char iot e r i a t i c — is hereby to be 
u nderstood aa the product o f — t-he- apect ra 1 — charactcriat ic of — ^he 
light radiated o nto -t-he--measurement -su-r-f-aee and t he ■ speet-r-al-- 
se-riSrHri^/i ty of the— seeo nd opti ea4 me an a, — respeet-tvel-y-t-he- 
sen aor . 



When this -speei-r ai measure ment character i st i e is- propor-ti onag- 
er— essentia 1. t-y -pr oportional — fee -the product -of t he --spect ra 1 
d-irst-r-tbtit-ion ot- a s-t-a- ndard lig ht— type -and the visual -- 
sens i t i v vt-y- of — t-he--h-timan eye — fv is*ra-± acnait i v-i t-y -of- the iight- 
adapted ey e-o-r- - v-^s-ua 1 sens itivity of — the da-rk--adapt od cye 4- — t-he 
eev-tee — es-sent i aliy rep rod uces the — "- not ur a4 sight- p roceaa " -of--- an 
observer— — 
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Prof orabl y- ■■ t he spect r'a l-niteasurefflent o ha ract. eristic — is — the 
p-r-eduot -of the spe ctral eharae tcr i st ic --va4u co of ail — opt- i- c a 1 
comp onen-^s — s-n-vol ved 7 apart — f rom --t-he mea-sur cmc n t — gw-f-aee— 3rfe-**e-l f . 
Thus , ■ tor ■ e xamp 1 c , the 14ght — r^d4^ted--e^eo-- thc Tr.ca e urcmor.t - 
stt^ fQcc f-r-oin - the indiv idual Ti ght sou rces — i eg s p ectra l Ty— 
mf lueneed- by the -indi v- idual -opt ieal ei omenta - in - the f-i-r-se- 
opt-i cal mca ftfl- while the -s pect ra -1 -chara cter ist i e o f the — li ght 
re f l ooted I torn - the meas ur emen t— surf ace — irs— t- hen influ en ced by - 
t-he- indiv-idua-1 — ept-ieal ele ments in t he— sec ond opt i -eal— metma-.- - 
The ■ s poor, ral — mea-su* ement ch aracter i sn -o ci ted abov e - takes a il - 
or -essent-i al ly aTl- spect ra 1- - : uenecs of t he- compo nents— 
iiwolved- i-f+to account . 



In-aoee : rda-n cc with a -further prefe r red embodime nt-; --t- hc abovc - 
oi-t-e d spectr al- measurement cha r-aet- c r i s t i c , — being a prod uct- of 
the speet ra 1 -character istic of — fc- hc 1 ig h-^-cm-it ted-on to the 
su r f ace- ■ and the speet t^i- oenn i -t- i vi t y of — t-he — seeond opt ica i 
means-; — i-s -essent i a 1 1 y i ndependen-t — e f wavelength in - a 
predetermined region of — the spectrum which prc f e ra b i-y --eom pr iscs 
the— greater-part of- the visible spectrum ■■ { > 50% ; -bet ter : — 
> — 8-0 %4 ; part ieular-ly prefer red-- -is— the- oompri s ing— of at— -least— 
the v4 s ibl e — range of — t-he — spect rum . — 

I-n— aeeordanee with t-he -present'-pr-of erred embodiment , — tne- 
speet ra-lr— mea o u r c me n -t — eha r aoter-i-s t-^ o exhibits an essentially 
J i near prog ^r-e-ssion- aor oss the wave length - in the- predeterm-i-ned- 
spee t ra 1 reg-i on-; — part ie u- 1 a r 1 y -p-re f erred — is — t he s peet-r-a-1 
measur ement charact eristic exhibiting an esse ntially constant - 
va-1 ue— i n-sa i d wave-len gth ba nd so that -in— th e case of an ideally 
-r-ef-l-eet mg -su- r f ace: , — t-he— output — signal , — t-espee-tive4 y sensors, — 
a r e - - e s s e n t- ta- i Ty — l ndepe nd e n t— of — wa vo ir e ngth - — 

T^i— t-he pres ent preferr ed embodiment , the spcc t-raT distribution 
ef- ■ t he emitted 1-i-ght — is prot erably --irn f lucneod — in- such a man ner- 
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so as— to balance to-t.he Hpeefrai-H^r ner or i ot icn of the other 
optical— compo nent a - and— the seftf»or <s-H— In t hose s pectr al --regions 
in whi - eh the sc ne or cxh -i-bi t-3— a— 1 ow e r s c n s i t i v l ty-, — the-- ± ntcn s±-ty 
e-£--t-he— radi a ted - 1-igh t can be -i-fte^ea sed— aeeor d l ng 1 y - se— the t— the- 
mtens^-ty, -leypGot ivei y--e4eot r iea4— out-fH±t- signal -of - the 
sensor {s-t-? — is e o a c n t- 1 a 1 1 y -irf^dependent-- of ehe-^reoe i ved lights-- 
wave-i-ength . 



an - essen e- i o 1 1 y- eons-t-^ 



speet-ea-l ■ measu reme nt 
- par-t-treu-larly- when -reak-iftg— ase of— a 

the d iode 



ehuracteraVs-e+e -lias - adva-n-t-a< 

diode- a^r^ay— or-- a CC D chip bec au se all t he element s 
arra y are t -hen- bo osted by t he-- Game a mpl- i f i cat io n - factor . — In— 
orde r- to -a-^ta4-n— a- signal — to n oise --ra-ta-o-which-^rs— as high— as- 
poso ib 4 e when employ i ng a dio de ar ray,— the e xposure-? — 
respect- ively m teg rat io n time is- sel ected — to- be so high -that-- 
ind i v j duo 1 — element s emit a maximum - oigna 1 . — For— ex amp 1 e , — should— 
a diode array be — i-±-l um-i- natcd with a — no rmal bulb, — the— radio t ion - ■ 
eftti-t-fced--f- rom— the bulb normally -e xhibi to a ma x rmiffl- in the r ed— 
region of- - the- spe ctrum at which ■ eon ven t ional — si 1 icon - ee l 1 3 
likewi se exhibit — a ma ximum sonstt-irv-t-fc-y-^ — 



The speetral measurement ■ charactcrio e- ic o f- such an - i 1 lumi nat io n 
sou^r-ee-- wi th -sueh a -sensor thus exh-rb-irt-s a highly pronoi meed- 
maximum— ±-n- the-^:ed- -region— e£ — ehe — spect rum,- deereasing in the 
greater and — looser wavelengths. — Only a low ut^l-ity signal — i-s- 
t hen- gene-rated - part ietil-ar-ly- in the- blue ran ge o f- - the spectrum 
which can be of — up to about one or sev eral -magnitudes les s than 
the maxi m um utility o i gna-3^ — As -a— eo n sequ en ce , -t he- - s ign a^te— 
noise ratio -deteri orat es — f rom — the maximum of — t-he — spect r- urn by a - 
f actor of — ±-Q-, — 14^--or --more ■in--the--eor-respond-ing~speet ra-ir- reg-iof t .- 



If- t he- -expt^ute/ respeeti^veiy- integration - t imc -aV g now 
incr ea sed ,- — the individual — elements of — the diode arra y-de part — 
f rom- -the i nea-r— a-r-ea — of — activity and -u pon — a — further — inc rease vn 
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t-he- nupp l i-od— ^ua-nt i t-y— oM ight-, respeot ive-iny— an increase in the 
expo sur e time, - ind-i vidu a! sensors -a-r-e- ■over^H^en- w hen t h e 1- ight - 
t o be measu red is -so l 1 1 onto -frne— radi- vidua l. -sensor-s- or clement s 
of - the-d i ode — array- — When- -in dividu al sens er-s arc ■ove rriudc R;- ire- 
oaf 1 hap pen tfta-t — ehe eharg i rig of- an --element --oi — t-he- d iode ■ array— 
ean eneroaeh— on a direot.4-y-ad jaeen-fr or Rea-Fby-e-kineftt-se-that- 
t: he— measurement — r-e-sult not- o nly o f t- ho overr idd en e *emen£— but-- 
a 1 bo- o f t li e ■ ne i ghbo ring e l emeiH.4s-) — i-s-- ■ fflao ouroto - and f au 1 ty . 

Sbeu Id a speot^r-a-l--measureffleftty ■-e^at=aofcei^r^4-e^^ow--be-emp±OYed-- 
for--t hc measurement which cxhib i-ts— a n essentia l 1- y conjtant 
progres sion acrooo a predeeer- mi ncd wave 1 c ng-fc-h — i ntcrv a-1 - — 
osscnt ia -lly all element-s of the d i-ode arr ay wi 1 4- be modu lated -- 
equatiy, wh ich---has- the co nsequence -o f a s ignificant — incre ase in 
the— poorest signa4 — to no i se- ratio and-7 th us r - in the- qual -ity of ■ 
the — measu reme-f tt— - 



If — i ndividual photo -sensors are employed- — their s ignals arc 
ampl i f -±ed— H*-e ach caoc individually go that a spectral 
measurement — character iot ic having, — for example, — a dist i Ret ivo 
dependence upon -wavelength— may— a 1 so be- used- ---But — since a 
smaller effect -is seen- in— the case- -of- di f f u-sed-- tigbfe- — 1 1 can 
a 1 ao be advantageous — i- n the present appl i cat ion --example- to keep 
th e spectral measuremen t — char a c t or i se-io— re la t ively constant — 2-n— 
th e relevant wave 1 cng -en— band . -Should --the- -radiation -be-splie-, - 
for- exawpie-7 — subject — ee— wave length --and- a— s enso r — is provided — for 
a wave length band at ap proximately 400 nm, a -■&<>% por-t4on -of- the 
di f fused-- light - ah — f or example, the ^0, 8 00 o r- 000 Nm - 
wavel cng-t h— band will — load to a n proper t iortal ly -greater- - 
(4-irS tort- ± on- -of ■ e hc measurement — resul t s due to— t he— f aet— fc- ha-e ; — for 
example-; — sili o on based sens ors are mere se n s itive at — this 
wavelength ban d . 



2 0 

r<>r ■ -reotH^-fKj -t he i nf-luenee-of d4-f -fitsed 3 i ght , — i-t — rs- prcf cr rcd - 
tha-e-a f ilter c 1 -eroen t—o€ — the- -f-i 1 ter— mea-ns es sont ia -l-ly - f 1 1 t er-s ■ 
eu-t-^ad iat ion above fefie-rel cvant wavc l-en gth band :- -££-- ouch a 
f ilter c I c mentr-i s poo i t i ono d m-t- hc path -of — r ad i at lon -be twccn - 
the — Irwht- ^outtHt^- and the s u-rfaee-- 1 o be -measured-? — t-h-i-s of f-e~-s ■ 
the - advantage— that - radiation of a higher wave -1 eftgth--- band -at 
wh4eh the sen sors empl oyed -are often p art ieu- 1 arly -sen si^rye 
e sscnt ia 4-ly- does -not. ■■ ev en reac h -the measureme nt — su rface — in the 
firs t- -place and consequent ly -eanno t pr oduce a ny dif -f used -l-igfrt— 
i n--t no second opt i ca 1 — paeans . 

Gn - the -ot--h cr hand, — i-fc — i s a 1 -so- adv antageous to arr ange-s uch a 
-ii-lter e4-emen-t — i n the — soeond- optical mean s jo tha t — fc-he-- 
photosensors arc esscnt ia lly— shielde d from d l f fused -4±gh-t -at— 
sihe h wav e- lengths which — for examp le- enter the deviee--£r om the 
en vironment . — F urthermore , — stieh— a—- f i Iter- el-ement -in-ehe — second 
ept-i-e^ l-mea^is —i-ii - ^ren-t- o4— the photosensor offers the advant age - 
that, radiation at these wavelengt-n &ands- em-art t-ed -ey- thc 
measurement surface itself— will ■ be kept- away from the 
phot-esen-sor-. ■ 

It -i s also possible -to arrange— one- f-i-i-fce r element — in the pat h— 
of— radiat ion between th e- -1 ighfc-sourees and- t-h c measurement 
su-rfaee- and— afte^ier ■ t i 1 t-er- element — in the p ath- of radiation 
bet. ween - the mea su rement — snhrfaee -and the - s ensor , — whereby the 
particul-r ir pos it-ionrng of - the -fa. - Iter e lemcnt s ---rf-h--t-he--E i rst -or-- 
seeond optiea-1 — mea ns may ensue — at — a ppropr -i-a-te positions-. 

1 n-aoeo-r da nee- w4t h a further— p referred - embodi ment of the 
pres ent - i-nvertt-i-OFh— the mea-s uremcn -t — resiil t s -4-r-em -fc-he — sen-sor-^- 
■res pect i-vel y t he-s : i-gfia 1 s of— the — senso rs ; - are eva l ua t ed 
mathemat i ea-14/Y-T--wheroby -t h i o ova Jruat-4on m&y- t. rannpi re -according 
fc-e— t he- tcaching --pro f f ered - -±n -WO - -96 / Q- 9 L > 'A 4 , — re-speet \ v ely - 
t}~ 44-^-4 — 168 , which -- 1 s ■ hereby— included 4 n the disc 1-esu re of 



t- hc pres ent i nv ent: i on . -Sueh- en -e valuat: ion 



=^e* 



d i -f f ere it t c a "1 i b r 'H-i^n stat^fdg -and-- a nu mber-of- J igh^-sew-ees 
wh-reh are-4 1 near 1 y — i^ d o p endent- a nd- a n u mb e r— e4 — ^wof o wh -ie-h— 
1 i kcwisc exhibit— 14- nc a r 1 y — : ndeponden e- s pect ral -ehar actcrist ics 
wl uch -ean also- be -ob t a \ nod v 4a- f i -Iter 3 ceftneeted in seri es-. — 
Sho u 1 d -fft— 4 *uht sources and n -d- i £ f cront - -senaor n be cm p-loyed-; — fn-n 
oal ibr a t-ien---st -a ndar ds can be - measured -and— a — 1-t-near equ ation 
sys-tem instituted. This- 1-i noar set of cqu a-t-tons can be us ed to- 
do t ermine t h e^i-nd^Hvidu^ — coof f-teient s of the — indi vi -duel ■ 
ele ments with respect — to different w avelenqt-h-4>afid^ — so th a-t - t4*e 
spect-rai- remiss-ien-eapabi 1 i ty--or--- rcf 1 cct i vi t y— of — the -surf-ae c to 
be ■•ftea&ufeo ean-4*e determined -wi-th ■ the-e oef f i c i onto asccrt -amed 
du i i fH j—a— ft tc a s -u r o. mc n-t — of ■ a - surface- to -be- moasui ed . 

Determin-i-no- the wavelength contingent — remission capability o r-- 
ref lectivity with the — t c a c h i n g— dr-se loacd — in the cited documents 
eriabi os i nereaslng -t-he — resol -u tion in the — subpix-el- -rafige- 
particularly when eme-loy-ing a -G€ D or diode array s — 



■ In accordance — w 1 1 h a - further prcfe r- red e mbed i me nt of — the 
pr esent — ifiventioni — t4*e — filte r means— is configured ouc h-tha-t the 
speet^ al prop er t ies of— at — leas t-one- f i 1 ter-el cmont arc 



cont r o-14able. This ena bles t he posit ion — o£ -at- least one-f4 1 tcr 
e4ement-t o be var i-abl-e so th a-e- upon ,- for cxam p4re;-extraet ing— 
saa-d-f^lter e 1 erne nt - f rom the p ath--e- f radiati on-,- the light used 
a-n— the measur-ement pr ocedur e-- is-ne — l onger ■ i-ftf l u enccd . 



aVt- 



lowe ver- alsc 



) ibl c — to— use -a -f ilter ele ment - wh i ch 



variab le: d uring - ope rat ion -as — to-4-ts- speetr al cha racter-4-s-t-i-e^ — 
Viable- filter el ements -here— er^e-, — for- -exa mple , — those based-en— 
LCD -+4--fre^ie -er yst a 1 — disp4ra j yr--tee hnoiogy . - For— exam p4Le , 4a-i t-he— 
e ano o f oo4er— d±spl ay-s-^eer-t-aa-n— s elect- 1 ve— ee-lors - can be 
displa yed and - wi-t-h— such compu ter- LGB— d-ispia ys as a l ready 
p- r ova le nt no wada y s which -a-r e sui - table, — ^©r exampl e, - for lo ading 
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\ o-an- ever head pre-j ector , — i-t — in ponoiblo to depict — boo i eal ly - 
any o oj-or desi red-- Such that — it-i-s -H-kewise --pog niblc to 
seieet i vely- influence the 3p eet-ra-l- ■ chQira cteri^j c of — the 1 lght 
tranrimi 1 1 cd -through --s+>eh- a -d isplay. -With cmch a -4 i-l-ter- element -, 
t he-- control means- <vm— eentr-ol— the-f liter- -e-1 c me nt- dur±r*g 
o p e r a t i o n o f - t. he - de v i ee in -sueh-e- mann er that predetermined 
spectral properties of \ he- -f-i-l-t . or c l ement and eonsegneHt-1 y the ■ 
H iL'LiLUircmcnt — e ha ra eeer-i-st i e f respeot-i-v e 1 y the de vice, -a-r-e- 
obt a i nod . 

Sueh- a — f-i-l-t-er «>ea»f»j -r-espeefc-i vely -sueh--a — filter clemen t-,- allows 
t-he -tea-I-i-e-i-ftg— o#- great-l-y- differing spectra 1 — characte -r-ist res- or - 
spectral- diser-±-bu t ions t o— the— 1-rght — radiated- onto the- 
mea-su re mcnt surface -: — 

I-t---- is ■ possible to use--a -standard— da-y4-i-g ht d i at r i -eut i on for 
p^asinr-i-ne — i n a — f i rnt. — measurement -process- and to- control— -ael — the 
sensors — i-n-a -second measurem ent proccoG ouch that cm — idea 1 ly - 
reelect i-ng- surfa ce would yield t h e-same -etitpu-t: signa-l-wieh all 
sens ora . 

If the Gur 4a cc ia illuminated wi th daylight o r wit h a light 
dis tnbut. i o n -wh ich corre spond s to the ope ct ra 1 -dist r-ie ut ion of 
day 1 ight-7 — the — i-mpress ion of - color -and aljo-t-he- f l-uorc sc o nc c - 
p ropc r-t ies- of- the s urface a o thc y-apf»eaf m -the — f- i e 1 d can be 
determined - 



Gn-t4*e ot her h a-nd^ a sp ec t ra l--eharaet er lot ic - which is- 

es-se nt ia 1 iy i ndep enden t -of ■ wavelength o ffers — the adva ntage of a 

signal to n oinc ra t i o -wh-t eh ia a s- high- as posoib l-e-.- 



Tn the j ense- of the -present — inve nt ien T the dc signat ions— 
J] essent i a 1 ly i rnear-" — as- we 11 a n "cGoe n-t ial 1 y c onst-a nt 11 am i— the 
i .i ke-a-re-to be— under sto od an -achie ving th e beat po ssible— 
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ap proximation r.o the? given defaults, — whereby cer tain deviating 
tolerati ons -are a 1 1 ow ablre^—- For— example-,- -i-t- may b e - poss ible -t^a-t 
i t o app rop riatc 1 -i g h t. - - source -has - be en prov i-ded -f or a c ef tain 
speot-r-al--- range- so that — 1 igh t sources - wi 1 ± — be- u sed whi c h a 1 go 
emi r. i n -sa4d- speet ra : r-ange^ - j ust— not at-- ma*±ffHim i ntensi ty— 
Then, -- e on sid e rable de v i at i o ns fr om the - -int-eftded- spee-er-a-1 - 
d • str-ibu-Hron ,- respect ive] y spect ra^-eha rae ter i s t ic- can b e- 
a+4owab4e — in th e sense- of the present — iawene-iron-; — a-s - l ong a s- - 
eh4s -aeh- i eveo a bette r- ada pting tha n wem ld be the c aoc a a -, f-ea^- 
cxampl e ,— w-irt--h ■ on 1 y ■ one - 1 ight — aourcc . ■ This- deviation - can— 
therefore amount— t o b 0% or -more; a ■ de v i a t i on o f <S0% — i 3 h ewevef 
pref crcnt la I - and part ioihLa r ly pre ferred -3rS- *■* 20 °« or- <5% — from the 
ideal - 1 me . 



In another pr eferred- embod lmcnt of one or — s everal of — the 
previously described cmbod -i-memis ,-- it is particular ly- pr eferred 
-that the- spectral- dtst-ribufc-i-en— e# — the light rad iated -f-r om said 
illuminating means — is cont roll able -by mean o of said cont -rol 
means , — whereby especially pre for re d— is -the selective - 
-irn-f-r uencing of — irfid-irv-i dual — ir4g ht sources of — said illum inat tng— 
means so t-ha- t at — least — fc-he — intensity o f — the tftd-i-vidua-1 ■ bri ght 
sources may be — influenced and preferably — also, — even — tf— 
customa -ry tn-a -small er setting, — the radiated wavelength, 
r espectively w a ve-l-eng t h— ba nd of — i nd i vi dua 1 — or all — 1 ight 
sour ces . - 



Sae h a oon frgurat-i- on is highl y— advantageous- a i nee the spectral 
dis tr ibut ion - of --ehc — 1 ight — radia ted- onto the me a su r emen-t- su r-f aee 
can be -ada pted t -e— a - predete rmined spect ral- d-ist r \ butn>R - i-n---a- 
se4 eet ivc manner. — For exampl e-? — 1- f- several different - -eol or-ed ■ ■ 
h r\\yj are use d as — i-a-g he- so u roe s , — ehe — i-n-tefts-irty-of ■-- ehe — individual 
IiKDf»-- ean be so -eoor di nat ed -wi th one- a-no-th cr that t4>e--speet ral--- 
d i s t -r i but t en of — the total emi 1 1 ed — t-tght- correspo nds t o-one- of— 
t he prede te-rfTt.i ne d apcc t-ra-1- dis-t r ibut ion a . 
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in— rtfreth or preferred embodiment of tho pr eset- invontien, a- 
d±4-^iser mean»-dfld- aR-apertufe-ffleeinj- eiy-e-diHpoi*e<i-4ft t-he— f .i rst- 
epe4-e-a4- mo arm , — whereby bh o diffus or- me ans -is pr-ef crab iry- 
e onf igu r-ed so - as to achieve -a ■ -h omogene ous- iliu m i na ting o f -t-he— 
measu rcmen t surface. Thi s allows si-ight— dev iat ions-at t he- 
measurement site to- be of no signifie oncc -for t he meas ure ment - 
^'es-u-I t- s . 

: f-n- anot her-pr of c r red em bodiment. -04 — fc-he— present — inwention,- — the 
evaluat k> ii mo a na — i-s— eorrt-rol led-^v-i a a pr ogram— s-eor-ed- -in t he- 
memory mea ns and the evaluat ion mo emu f-eeeivee- the me asuremefl-e— 
s lgnals of — the photosensors a nd -ev aluates na me , —wher eby the — 
measur efflent-- s i gna 1 s , rcspe et-i-vely the -c haracter i s t -ie- refe rence -- 
Vt^-rtK>fj -a re - p r e f e r ab-l-y— sto- r cd p c r m a n c n 1 4 y- -in- no id memory -means— 

fteoot-ding ■ to one -or several- of the pre ferred cmbod i-ment-s of the 
invent-ton-? — the — second optical -means is di reet-e d a t — a dif ferent- 
angie— to --the- measurement 9urfaee--tto — in the — first — eptieal- 
means so that — ferhe — 1 ight — emitted from the — first optical mean s- 
aftd — rcf I cctcd — ^rem-- the- -measuremen t sur -fl-aee - has -a- -d ir£t-er-ent- - 
angle t o the mcasurcmcri t--9ur-f ace than- the angle between the 
1 lght received by- the second -opt ieal— means and- the -norma 1-to- 
t he mca s uremen fe — su-r Jhaee— - 

The --.indi vidual -ept-iea i - means can be di r-eeted at -any desi red - 
a-ngle to- -th e ou tpace, a 1 though it -is preferable tha-t- t he angles 
are at 0 -°- 7 -£O a , — 4 5 fi , — 60-° or-SS^-t o the normal of t he- 
surfa ce -to be measured. A geometry— or — G Q / 4 5 C — ts — par-tiou Var-iy— 
preferred espeeia-±-ry- -f or measurem ents o f — eo-lor where^n-one- 
opt-i-ea 1 ■ means is align ed perpend icularly ov e-r- -t-he surface to be 
me a s ure d and -t-he other op trcai- means— i s di reeted- at -afi— a-ng-te— of 
to t he—s ur f a ce to be meas ured . ■ 
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I n a f u-H her -prof e rred embodiment of -t-h e proao nt— wvent^R , 
each phetoseirsor - is- dispo sed-wit h at - lea^H^-two, prcf er-efe+y- 
t-htee -€H^more— pheiea orui t ivc - elements wh ere by t h er r— elect rical — 
Otttttti-E s t^ia4-s- eaft bo aeq ui^ed-ind4"v4dttal 1-y— tffld----wh±eh--< i i f f or i-H 
eho-*r speet-ral eha«et-er i s-td-es-sueh— tha-T: -the— color— e-f the— 
ref lec ted li<f ht is as certa in ab4-e^An e xample -o£ oue h a- 
pbotosenso-r-;— ^respect i ve+y art - arra y of-pfiot-osefBOfs-, i n a color— 
CCD s ensor : — 



In-a ll of — the forego ing e mbodi ments descr ibed - -above-? — j-t- -is— 
possible t-hat-a-fc — least one - -t emperature measuring mc afhs— 
respcct --i-ve-l-y in disposed t n-a-s — immedi ate proximit y as poss ible— 
to one or --mere — 1 i gh t— sou ro e ( s) — and / or - one-, — seve ral o r all 
photosensor {-en—, — prov ided for -t he dc termi ni ng of t he 
e haract erist-i e temperat ure of -- each respec tiv e light s our ce, 
respective pho tosenso r or respect i ve ■ ph otosens 1 1 i ve e lement — i-n— 
order- --to- enable a temperature e orrccted dct ermina- fc ion of — sa-i-d— 
at- —leas t one optical p arameter- — The temperature me asuring me ans 
may comprise -sev-er-a-1 — (or just — one )-- temperatu re sensors --which - 
are -arranged -f-or— exampie-; — ao close as p oss-ible— to the 
i- nd * v4 d ua-t-e-i ements in order to avert to - -a-s -g rea t— a n extent -as - - 
possible a — falsifying distortion of — the measurement - res ults due 
to thermal - capacities and thermal resistances. — tt — is howe ver— 
a \ s o possible, with at — least — some of — these e lements-, -t- hat— the 
c lemon t — tt so 1 f- 4-9- used ■ t o- -dete rmi ne — i ts temperature direc t 1 y , 
a-s deser i bed, for -example,-- in --WO 96/09667- -or OR 44 34 266--A1-- 

The- determining of — t e mp c r a t we -or -of - 1 he- temperature- of - 
indi v -i dua 1- or of a-l--l ■ ■ t he el e ments — is highly adv a ntagcous 
beeause -t empe-ra t u r e— eont- i n g e n t — spect ral — influencing variables 
can-be --t a lien — i nto cons i do rat io n an d -- their influence on the 
measurement:- re sults henc e essential 1-y- -di-sre 



Brief des cription of the drawings 
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Further advantages, features and application possibilities of 
the present invention will now be specified in the following 
description of embodiments in conjunction with the drawings, 
which, show: 



Fin. : a cu*_ away view of a device according to a first 
embodiment of the present i r.vcn:. ion ; 

Fig. 2A an underside view of a further embodiment of the 
i :i von t i ve dev i ce 

Fig. 2B a cross - sect 1 ona 1 view of the device in accordance 
with Fig. 2A; 

Fig. 3 a prede t e i tn i ned spectral distribution of intensity; 

Fig. 4A another predetermined spectral distribution of 
intensity across a wave length ; 

Fig. 43 a spectral distribution of the sensor signals across 
a wavelength; 

Fig. 5A the spectral distribution upon illuminating a 
fluorescent surface with a first light source; 

Fig. S3 the spectral signal distribution of a fluorescent 
surface upon illuminating with a different light 
source ; 

Fig. 6 the spectral distribution of intensity of different 
light -emir. f. ing diodes; and 

Fig. 7 the principal technical circuitry configuration of an 
embod i merit . 



Detailed desc_ri.pti.on of the_ in vent J on 

A first embodment: will now be described with reference to Fig. 
1 . 

Measuring device 1 is provided with a housing which is placed 
upon the surface to examined, respectively measurement surface 
8. A first optical means 2 comprises an illuminating means 3 of 
one or more light source is) 3, the light thereof directed to 
said measurement surface at an angle 18 from the perpendicular 
to the measurement surface. Said first optical means 
furthermore comprises a scattering means having a diffusor 
retainer 4 and a diffusor 16, whereby said diffusor retainer 4 
simultaneously serves as an aperture for the radiation emitted 
from light source (s) 3. 

A filter means is arranged in the further downstream path of 
radiation from light source (s) 3 to the surface to be measured 
8 which comprises a filter retainer 6 and a filter element 9, 
which influences the light emitted from light source 3 
according to predetermined filter properties. A lens 5 in the 
first optical means parallelizes the emitted light before it 
impinges the surface to be examined 8. 

A second optical means 10 provided in the device is directed to 
the measurement surface at an angle 17 to the perpendicular, 
whereby said angles 17 and 18 in the present, embodiment are 
both 45° , an angle especially well -suited for measurements of 
gloss. For other - desired measurement variables such as, for 
example, color, one simply selects the appropriate different, 
angle as fundamentally known in the state of the art. The light 
reflected from surface 8 is at least partially received by the 
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second optical :noans 1 C and focused onto a slot, in an aperture 
12 by a lens 1'. of the second optical means, said slot serving 
as the inlet, slot for a t ransm l t tance grid 14 which selectively 
splits the incident radiation spectrally and directs same to 
the line sensor 13 arranged in second optical rr.eans 10. 

The spectral splitting element 14 represented in I-'ig. 1 is 
rendered as a volume t. ransmi 1 1 ance grid. Tt is however just as 
feasible to use a reflection grid having readily variable beam 
guiding . 

In the present embodiment, grid 14 makes use of diffraction to 
split incident light into spectral components, whereby 
different wavelengths of the incident light, arc deflected in 
highly differing fashion to sensor 13 so that photosensor 13, 
configured as a diode array or as a CCD sensor, receives 
different wavelengths at different areas. The individual 
elements of sensor 13 receive radiation of different 
wavelengths in the presently relevant visible part of the 
spectrum between 4 00 and 70 0 Nm . 

The measurement signals of the individual photosensitive 
elements of said sensor 13 are electrically ascertainable 
individually, respectively can be separately evaluated, so that 
the relative spectral remission capability, respectively 
reflectivity of the surface, is available as a measurement 
result subsequent the measuring. To this end, the device is 
calibrated at least once with one or several reference 
surfaces, whereby one of said calibration surfaces with respect 
to, for example, measurement of gloss, may be preferably an 
ideally reflective surface. 

Illuminating means 3 in the present embodiment comprises a 
halogen light source and a plurality of 1 ight - emitt i ng diodes 



iI.EDs) in order that the spectrum of the light radiated by said 
illuminating means 3 approaches the spectral distribution as 
represented i :i Fig. 3. While the halogen light source emits 
radiation m essentially the entire spectral range, the 
individual LEDs serve to amplify individual spectral regions 
seJ ect. i vely . 

Tn accordance with another configuration of the present 
embodiment, the individual light sources of illuminating means 
3 are such controlled that a distribution of intensity as 
depicted in rig. 4A is essentially attained at. said sensor. 
Spectial distribution 4 3 depicted in Fig. 4A is plotted as 
Intensity 42 across wavelength 4] and on a constant level 
across the relevant wavelength band independent of wavelength 
so that the spectra; intensity of the light emitted at 
different wavelengths by illuminating means 3 is independent of 
wave le not h . 

In a further configuration of the present embodiment, the light 
sources of illuminating means 3 are such controlled that the 
electric signal of the individual photosensors, respectively 
the electrical measurement signal of the sensors converted into 
digital signal path 44, exhibits an essentially constant 
numerical magnitude across wavelength 41. This configuration 
allows the realizing of the signal of the individual sensors as 
independent of 'wavelength wir.h an ideally reflecting surface 
and consequently an essentially constant and maximally high 
s ignal - to- no i so ratio is achieved over an essentially constant 
noise level across the wavelength. 

Filter means 9 is configured as an optical filter which absorbs 
trie specific wavelength bands corresponding to the desired 
spectral distribution in order to achieve a spectral 
distribution of intensity in accordance with Fig. 3 or Fig. 4A. 
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While the second optical means in the present embodiment is 
directed at an angle of 45° to the measurement surface, it is 
also possible to align the second optical means perpendicular 
to the surface to be measured in order to measure part of the 
diffuse reflected light and not the directional reflected 
i ight . 

Figs. 2A and 2B illustrate a further embodiment ot a color 
measuring device in accordance with the present invention. 

The measuring device is depicted in an underside view in Fig. 
2 A anci is of annular shape in this view. A plurality of LEDs 3 
of illuminating means 3 are arranged evenly at a constant 
radius around the circumference and, as is evident from Fig. 
2B, are directed at an angle of 45° to the surface to be 
measured and illuminate the focal point below the device. 

In the present embodiment, the second optical means is arranged 
perpendicular to the surface to be measured 7 and receives a 
portion of the diffuse reflected light of light sources 3. The 
light received by said second optical rcearis 10 is focused by 
inlet lens 11 and passes through an opening in aperture 12. 

An optical grid, a color filter or a color filter wedge can be 
provided behind aperture 12 in the further progressing path of 
radiation, in order to split the incident radiation spectrally 
before it impinges sensor 13. 

Tn contrast tc the first embodiment, the illumination means 3 
in the present second embodiment is arranged in circular 
fashion above the measurement surface to be examined so that 
the 'light emitted from the individual light sources 3 of 
illuminating means 3 is directed in a conical fashion toward 
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the measurement surface to be examined, wherein the top cf the 
cone defines the point of surface measurement. 

All the light sources in the present embodiment are rendered as 
LEDs, whereby said LEDs emit spectrally different radiation and 
24 LFDs in total, are employed. Hence, there are three of each 
type of LED 3 m the present embodiment. Eight different LFDs 
respectively are arranged adjacent one another across the 
circumferential angle and the 2 4 LEDs are such arranged that 
the same type of light source is disposed at every 120° around 
the circumference. In another embodiment, 30 LEDs of 10 
different diodes are employed. 

Tt is however pointed out that a number of light sources which 
devi at.es from the above may also be employed, as long as each 
wavelength band exhibits considerable intensity in the visible 
part of the spectrum. 

In the present embodiment, several circuitry, respectively 
control variations are provided for the individual light 
sources. In a first control variation, all LEDs are operated 
simultaneously during a measurement and their intensity is 
controlled l:i such a way that a relative spectral course of 
intensity is yielded which coincides essentially with the 
relative spectral course of intensity 3 2 depicted in Fig. 3. 
Spectral course of intensity 32 corresponds to a spectral 
course of intensity of the normal light standard C cf the 
Ccmj;iission In i.vrnat ional c de 1 ' Eclairage (CIE) weighted to the 
spectral visual sensitivity cf a normal observer's light- 
adapted eye V (index I) . For attainment of a such spectrum, the 
intensities of the individual LEDs are controlled accordingly. 
Furthermore, a filter 9 in a filter retainer 6 is disposed in 
the second optical means 10 for adapting the spectral 
d l st r ibut i on . 
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The spectral, course of intensity of the individual diodes 
72, 73, 74, 75, 76, 77, 78 across the wavelength is plotted in 
Fig. 6. Each single LED (71 - 78) exhibits a relatively narrow 
spectral emission capacity, wherein the individual spectral 
ranges cf the :..EDs overlap- so that radiation is emitted as a 
whole over the essential part of the visible spectrum. 

According to a second circuitry, respectively measuring 
variation of the present invention, the individual LEDs are 
controlled relative the intensity of radiation so as to yield a 
spectral distribution of intensity as depicted in Fig. 4A, in 
which spectral distribution 43 is plotted across wavelength 4 1 
and is constant across the wavelength in order to achieve a 
homogeneous illumination independent of wavelength. 

Tn a further circuitry variation, the electric signals of the 
individual sensors, respectively the electrical signals of the 
individual sensors which have been converted into digital 
signals, are independent of wavelength when an ideally diffuse 
white reflective surface is to be measured. Subject to these 
prerequisites, a spectral digital sensor signal 44 is yielded 
which is substantially the same across the entire visible 
wavelength band. The integration time, exposure time 
respectively and/or amplification of the sensors is then 
controlled such that the individual sensors are operated taking 
advantage of their maximum dynamics. 

In a technical circuiting measurement variation, the individual 
LEDs (additional) are operated successively in order to 
dote inline the effect of the individual radiating elements on 
the surface to be examined. 

Tf, for example, fluorescent surfaces are illuminated with 
radiation of particular wavelengths, these surfaces change 



certain wavelengths into others and emit other preferred 
wavelengths . 

The intensity distribution of a light source and the particular 
f ! uores cence- cent ingent spectral emission cf a fluorescent 
surface is plotted schema t i ca 1 1 y i.r; Fig. 5A. 

A source of radiation exhibits a spectral course of intensity 
51 in a first wavelength band which, for example, may also 
correspond to one of the spectral courses of intensity 71 78 
depicted m Fig. 6. The fluorescent surface emits a spectral 
intensity 52 when the surface is illuminated with appropriate 
wavelengths as, for example here, with spectral distribution 
SI . 

If the same surface is new illuminated with another source of 
light which exhibits a spectral intensity distribution 53 (cf . 
Fig. 5B) which differs from said first spectral distribution 
51, the fluorescent surface can likewise emit a radiation 54. 
Provided spectral course of intensity 51 and 53 at least 
partially overlap and exhibit different intensities relative 
the wavelength which excites the surface to fluorescence, the 
spectral emission of surface 52 will deviate from spectral 
emission 54, as represented in Fig. 5B. 

The excitation wavelength, respectively the excitation 
wavelength band for the exciting of the fluorescent surface can 
then be concluded from the spectral courses of intensity 52, 
respectively 54 emitted from the surface and especially the 
maximum height of the individual courses of intensity and from 
the spectral courses of emission of LEDs 51, 53 as employed, 
and can be defined both qualitatively as well as also 
quant i t at ivel y . 
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rig. 7 depicts r.he principal technical circuitry configuration 
of an inventive device in accordance with the described 
embodiments . 

Control means 60 comprises a processor 60 which is linked with 
further- elements in the control means. 

By means of a program stored in memory means 61, control means 
6 0 controls illuminating means 3 having light sources 3 and, as 
example 12, relative intensity, time of radiation and duration 
of radiation. The electric measurement signal received by 
photosensor 13 is digitized in processor 60 and, taking the 
measurement results of temperature means 67 monitoring the 
temperatures of the light sources and the photosensors into 
consideration, are then temperature - cor rec ted and output to 
display 6 5 and /or filed in memory means 61. 

Input means 62 serves for inputting control commands for the 
device as a whole. In this way, it is thus possible upon the 
actuating of certain switches (not shown) or by inputting of 
specific commands to, for example, modify the measurement 
method so that the intensity distribution of the emitted light 
is adapted to be in accordance with the light standard type C 
or the light standard type D65, or that the measurement 
characteristic is adapted to individual optics, light sources 
and sensors such that, with ideally reflecting surfaces, the 
elcct?-i c measurement signal tor the various wavelengths of the 
photosensitive elements of photosensor 13 is essentially the 
same across the wavelength band. 

Furthermore, the control means comprises a further means with 
which the device can be coupled to an external computer 66, 
whereby said coupling device is an electrical connection such 
as, for example, a serial interface or ether standardized 



electrical connections. It is just as feasible that this 
interface is rendered as an infrared interface so that the 
connection to an external computer 66 can also be made across 
some distance without the need for cables. 

As The foreqoing configurations demonstrate, the present 
invention allows for the providing of a device for the 
measuring and evaluating of spectral radiations which enables 
the measuring of the spectral distribution of radiation to be 
realized at a relatively low expenditure and with the employing 
of a relatively small number of sources of radiation, 
respectively sensors. Rased on its simple construction, the 
device can be configured to be relatively small and handy so 
that its utilization is not only possible within a laboratory 
setting, but which can also be employed directly during 
production processes in order to continuously monitor surface 
qua ] i ty . 

^.a-cjordarice with a_preferred_ cmbod:n]ent „_of_.a]J_ t_he previously 
de s c ribed__embqdi ment s and conf i gur a 1 1 oris _o_f t he _ i n yen tipn ,_t he 
i llunrinating ojL li_ght 

s o urce s which are rende red a s con v ent i onal ligh t _so u r c e s as 
known in_the prjpr art. Light sources employed in _the 
LI. J- um i .^a t i no me a ns_ a r e _p r e f e r a b 1 y J_ igh t -_em it.ti.ng djiode s^_ 
thermal light sources such as no rm al b ulb and ha l ogen 1 ight 
sources or su ch a s mercury, deut er i um__or xenon lig ht sources 
and the like. The indi yidual_ J ight_ sources tnav be _coupl_ed vj_a 
one o r se ve ral b e a :r. spl i 1 1 ers . 

According r.o an espec i a 1 1 y__pr_ef erred .embodiment o_f_the present 

i nve nt i o n t a_t_ .1 east two d iffe rent 1 ight s our ce s pr e f erabl y 

d i f f er in q _i_n_ the ir- s pect ral emissions_a re _ ernpl oyed j_n the 
i 1 .1 u m i n a t i ng mean s . 
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Thu; embed i men t__ has the advantaqe tha_!_emp] qy_ing two spectrally 
different emi 1 t ing_JI ight source s._enab_l_es__ach_i eying hi_gh_ 
intensify across a_Hi"eater__wavel engt h_ band_. A high intensity of 
ra a i a ti on_a c r_ c_s s a__g_r ea t e r _wa vej. enath _ba nd_ increase s _t he _ 
accuracy of the measu rement_ s ince the . signa .1 - to.- noise ratio is 
.1 tup roved _and henc e_ a 1 so t he .a ecu racy i r. de t e rmi n i rig t he 
parameter . 

i n . ._a c cord a ri ce_ _w i t_h_ o n e_ o r_ s everal o £_ the p rev i oil s Ijy d e_s_c r _i b ed 
embodiment s,._ the .light .sources ._of the illuminating means have 
those_spectral characteristics such that_ radiation may be 
emi t ted at essen tia l ly acr oss the entire v l s ib] e range of the 
speet/ rum . 1 1_ i s howe ve_r_a lso possible t o _det ermme_ a cc lor 
parameter_of a surface when the surface is_i i lumi nat eHy^f or 
exampl e / „_qnly _jthree _di f f e_r e n_t^_a ppropriate wavejeng ths / however, 
measurement , ac c uracy is^ncj^seaM^en^a^nat iqr^is_emitted_a_t _ 
acre s s the ent i r e vi s i b 1 e r a n ge o f the spec t rum . 

I n ac c o r danc e with a par t icul a r l y p r ef err e d embodime nt o f one 
or. sejyj?r^i._q^t:he_pr_evio_usly _de_scri^e^_ embc^.me_rits_ of t he 

P i'e sen t i n vent i on, the i 1 1 urn i nat i ng_mea n s ha s a pi u r al i t: y_o f 

llS^t Kp.yxces^ who reby_ preferably .essentially .a_ll... of_sa id_l ight 
s ou r c e s a re r e n de re d__a s 1 i gh t - em i 1 1 i ng_ diodes ( LEDs ) . 

Us i ng LEDs_ as t lie light sources in _ the devi ce jls_. o f area t 
. a ^.Y. aritt:i 9 e Sin . ce I,F; Gs.._are small c orr £. act_. 1 i ant sources requiring 
1 it 1 1 e_ space s c t hat the d evice a s a wh o i e may be con figured 
ST.allor_than i t ca n wh en u sin g ot her 1 ight sou rce s as known i n 
the p r i o r_ar t. . A_ f urt her adva ntage o f u s ing L EDs , a nd _ 
part i cu.l ar 1 y with_th_e i r exc lusive use, is that LE Ds exhibit 
r ?_1 a t 1 v e 1 Y negl igi b 1 e _ s ign s o f ag i rig _ a rid nc i t he r de cs t he_ 

posit ion of the l ight -em itting body, respectively 1 ight - 

emit ting. _s_u__r face , fundamental ly c hange du e to__ag_ing or impact . _ 
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A D_ age -contingent change in spectral j? mis s_i.cn ..occurs with_ 
conventional 1 lght _spurces_d_ispp_sed ..wi_tn_ an_ incandescent _lan_p 
or_ tij_ame_rit _._ Parts of _ the_ f.iia.__ent _vn.ll evaporate, a_nd_ this_ 
e v a pp_rated_.ma t er i a _____ bu i_i_d s up _on t he in side __p f the _f i lament's 
surrcuudijig _giasj_ body thus . chancing the spectral, transmission 
° c „_T: h e as_s body and h. epc e _ _t h e _sp ectra^ e mi s s i g n _o f the _J 1 g h t 
source. Another disadvantage of _c on vent i pna 1__ 1 :_ght_s_our_ces is 
r. ha t _s_i nce_ t he_ f i lament l s __ba s;_ca l_ly sp r_i ng^ mount ed_ above _phe_ 
connect ing_ leads__i t s_posi_t_i on_ ca_n_ change-over the course of 
t_ime^ 

Just for ...tills., reas on a lone, a_ measuring device equipped wj_th_ 
copvenpipnal j amps . needs to be_rec_a_l ibrated : irom_t ime_ to_tirr.e 
in order, to achieve. a_hi gh__prep_i s ion and ^accuracy ._ 

A £urt_her advantage pf_ sen_i : conductor source_s of _ radiation such 
as LKDs and the_l ike_ is t hat Jihese_j.ypej^of^adia^.ion_sou_r_ce_s_ 
e:r_i_t a_^empoj-ally^table__sic5nal ..s]iqrtiy_ af_te_r switching them on 
y_h__T_e_convent lonal bulbs need__a cons ider ab ly l onger per i od of 
time i n or d er to e mit a temp orally _ cons t a nt r a diat i on due to 
the rma 1__ sou r pes o f r ad l a t : on. . be i_ng subject, to i nf 1 ue nces o f_ 
temperature and __thus the indi vidua 1 corjiponent_s_ suc_h_ as th e 
__j_l anient, t h_e__ s u r r ound i ng glass body, e t c . , f i r s t n eed i ng _ t o 
waj__r. up to w o rkin g temperat ure b efor e a__tempora 1 l y co ns tan t_ 
r a d i at io n c an b e e m_i t ted . 

Another. .advantage when employing LEBs as Hc[ht sources is that 

tj_ie powe r n eces sary for thei r opera ti on i s less than it is with 
conventional bu lbs s o tha t the devi ce as a who le consu mes 
pvera_LL less energy . Thi s is especially advantageous when such 
a ._!H G a s u ring d e v i c e _ l s t o be ren dered f o_r__p o r t a blc op e rat i o n a n d 
run ..J.^ orr - a b att ery or_sto_ragc eel] since the inventive device 
can t hen _be con f igure d to be sm a Her" (smal ler sto rage cell s) , 



3 8 

respect lve Ly _ th___mea_3ur__n___per i od __can_be __cxt ejnded__by_errpl qy_: ng_ 
a _set of batt eries__pr .._tcrage_cel Is . _ 

Tp...a_ncf.her urcf_erred _ embo_dime_nt _o_f the oresent_i nvent i on __ t he 
invenfiye device comp rises a_t_ ie__sL__^pne____he__Tia__ 1 i__hr. source 
which_ is_then preferably :_xcndered as a_ha l_oc]e_n__l i_ght _source_ J _ 
The. u se_o f _ a_ hajpge n_l i ght source i n addit ion t o one, 
Fl^fe_rably___eve__al LED .lj_g_h___eoueqes^lso_ha_s_advenca__es__ The 
deliberate empl oy inq_of one or several LEDs and, for example, 
one halogen light, soui'ce can boost the specific spectral 
co mpo nents in the visi ble ranee _ of _t he spectrum such that t he 
sp e c t raj d is 1 1 1 but i on of the e mitt : e d_l_i ght e xhi b 1 ts_ a hi gh 
i n ten s 1 1 v__ a c r qs s a _g r ea %er spec t r aj_ _r a nge , A p ref er ably 
u:iJJe^^l^higt___int_e_nsit_v_acr a_l_arge_ wav_e l_engt h band in the 
relevant part of the__spect rum grants a clear improvement in the 
s i gna 1 - t o - no i se r a 1 10 a n d thu s in t he m e a sur e t nent resu 1 1__ 

W ith _ c o nver. t i ona 1 m eas u r ing d e_ y_i c e s t _t h e pr_°H res s i o n of 

sp_e c t r al_ i n t _____ J t y is ofte n bell - s hape d and f a l_l_s_ off a long _ 

bo th s l d es o f _ the s pect ru m fro m a ma ximum spec t r al i n ten s i ty a t 

a given wavelength so tha t on l y a small intensity is achieved 

at one or bot h fringes of the spectrum. However__ measurement 

a c .^yxa C Y - s _^e f i ned by , among ot her f actors , __t he m inim um 

i n t ensity respe c t i vely p o orest _s i g nal - 1 o -noi s e rat 1 o in t h e _ 

r elev a n t part _ o f the s p e ctrum . 

1 f f- he mi_i_i__vim i n tens i t y \ s n ow i n crea sed in t he rel e vant pa rt 

the s pect. rum b y the use of a plu rali ty of LEDs or by the use 
of at l east one L ED a nd a haloge n light sour ce, th e me as uremen t 
a ccur acy a 1 1 airie d l s 1 ikew i s e in creased . 

Ju s ;. enip ; oy; ng on e LED in add i t ion t o a ther ma 1 1 iqht . sour c_e 
also .reduces the maintenance expenditure for such a device 
?ince_ at leas t o ne of t h e s our - c e s c f_ r_i_d i_a t i o n j_ s s u bj ec t t o_ 
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none or only _jnin_imal__tem_po_ral .changes so that: the ef_fects of 
- .L m e . a r e J- e s s__a cross t h e en tire .spec t_r u tt> . 

^ a^ury^.er_prefej-red_ embodiment of the invention, the control 
me_ans_in the invent : vc_dev ice _i_s configured in_such_ a_rr.ann_er 
_Jl_l- .same controls the measurement sequence_such that at least_ 
one_ f ljJo_rescer.ce _paramete_r_: s _c_ef inable_ for the measurement, 
surface^ 

The der.er_r.ini n_g_o f a _ ._ f 1 u ore s c en c e _____ a rarnetG____.f or__t h e_ me a_su rernent 
surface, is .highly adv____n tage_qus________Coiw 

apparatuses and de_y_ices__measu_re / ___f or example, the c_olor_of a 
meas u r erne n t _s_ur f a c_e___ Howeve r , t he co l or o f _a_raeasu.re_r_en t_ 
_?.y. r face _ respect. i ve 1 y____t__ he vlsua 1 im pres s ion _ o _____ meas u rernent 
surface f als o dep ends upon th____type_ of radiation, resp ect i vely 
the s___e c t r a_]_ d i st r i bu t. ion o f _the r ad i a tion wi th whi c h th e 
meas u rernen t su r f a c e_ is _ij lumina t e d___ Yet many ma t e_ri a I s o r 
S .V._1 a ce 5 ha ve _f_I_uore seen t prop ert ie s _wh i ch conventional 
i r.easu ri ng d ev ices c a nnot de termine. S hould s u ch t ypes o f _ 
surfa ces b e l llum. i nat ed wi t h radi a tion o f a certain wavel ength , 
the fluorescent pr oper ties induce the radiat i on g iven off by 
the surf ace tp_.be at another wa.v_____enc|.th__ The ..visual ____n_pres__ion_ 
o f t he surface is thus dependent upon the spectral distribution 
of t h e i ll um i n a t i _n_g 1 i gh t source s . 

In_.a f urther__pref er red___err.bcdimen____ of th_e present __i nvent i on_ the 
cen tre: mea ns cont rol s t he f irs t opt ica 1 mean s s uch that the 
1 ight s o u r c es of s a : d f l rst op t ical me ans em i t radi at i on 
s i tr.ul t ane ou s 1 y at leas t a t one _p pi n.t___i n__ t 1 me so t h a t lig h t f r otr. 
all th_s__l_i_ght sourc es t hus im ping es the surface to be examin ed 
at said point.__i_n.time. 

The simultan eous il lumination of the surface to be examined by 
e s s e :i t i a 1 1 y a 1 1 _ 1 i g ______ so u r c e s has t h e_ advantage that the _ 
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individual J ight sources_can .then _de l_ibe_ra_te_l_v boost _specific 
spectral .regions so that the emitted Light correspond^ 
essent i dl_ly L at .J^ast_at this poi nt ir. t ime,__to _a_ predetermined 
spect ra ]_ d :_st r ibut i_on_. 

I : i_ __a n o the r ryret err: e d _ err.bodim er.t o f__t h e p res e rrt_ inve ntic n u t h e 

.^P^.LTP i JT^'y n s i s rende red in such a ma nner tha t the f i r s t 
opU ca 1 means . o £_t he _dev i ce_ i s _con tro lied, s uch tha t at least 
two spectra,! Ly_dif ^eren^J_: gh_^ source s_ of _said_first optica^ 
means_emit__radiat_ion essentially one after the qther^ whereby 
pref_er-abl^_ essent ia_LLZ. <lU_t he_spectraHy _di f f eri ng_J_ight 
sour c es _ o f _s a i d jj_r s t__ op t i ca I rr.eans ea c h_e_m it _ V a dia. t. i on 
sue c ess lvely . 

1 n _LlT-P . sens e o £__t h e pres en t inv e nti_qn , _^_sp ec rtr a 1 iy_ d i ffe ring 

l_i__ght so Li rces" is to__be understood as_that__the spectral 

d i s t_ri_bu t ion c f the_ i nt ensi t y _o f _ L he _emi tted radi a t ion d : ffe r s_ 
in aL _J-_east _one wavelength ban d s o that one cou ld describe the 
lig ht sourc es a s b eing l inearl y ind ependent from one an other . 

For exa mp: e 1 _ two id ent ica l ha loge n b ulbs a l so r adi ate 

spectrall y dif ferent distributions c_f inte nsi ty i f t he y are 

operate d at: di f ferent voltages, s ince the te mperature of th e 
filament, and consequ entl y the spectral characteristic of _the 
thermal emitter, changes a_ccordinq_ to voltage . _ lr\_ the sense o f 
the__ present, invention, two such .operational iy different halogen 
bu lbs are also _spe_c trail y diff er i ng em i 1 1 e r s , re spe ct iv e 1 y 
1. igh_t_ sources . 

Prefe rably, ho wever , "spect rally d iffe ring 1 i ght so urce s" is to 
be un der s to o d .. a s : ha t d i f f e re n t type s _ of 1 ig h t_ sou r c e s are 

usec L_Fpr example^ red, green ,___blue and yellow i.EDs may be 

erpl p y e d whic h, em i t radiau on at d i f f er i ncj s pec t ra l r e g ion s . I _t 
iS-JlP'^Y^ 1 a - so . P_ cs . s Akle_Jto employ a thermal emitter such as a 
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halogen or convent i pna 1 1 ight ^ulb_wh ij:Jn__has severa 1 _LEDs of 
d i ff e ri r. g_ colors_. 

ControUina such _spect ra 1 iy _ di f f enng Ught sources, such that, 
radiation is emit ted .success lye l.y_ i s_a_l so advantageous since, 
rhe_ li_ght .Xrom_ the_sp^ct ra_l 1 y__ d i_f f e rin g_ 1 i_qh L sources as 
I_^2 f Ijl^t ed__f rOT.^ie^ur^ace^aj^be^epaxat^ Ly_received and_ 
eya 1 uated 

In a ..further _pref_erreg embodi_ment__of _t_he _cresenr.Jnv_ent_ion i _ the 
control .means_ controls the first a_nd the second_oDt ica 1 jneans 
such, that one measurement, i s _per f _o_rtned_ in_which the a_t least_ 
t. wo^_ _p r efe ra_bl y aj_l_ _ 1 _ia h t _ sou r ce s em i t d ia t i on. s_im_u l_ta nepu s I y 
and__t.hat. _anot_he. r measurement is performed in wh:ch_at least 
- w o_t_pret_erably sjaecj^ral 1 y differing light _sources _each_ 

emj_ t radi a tion ess_ent J a 1 1 y_pne_^ f ter the other respec t lve 1 y^ 
The sequence oj^hese^ea^urejtent s_[meaj|uring_ with several 
1 ight sources s i multaneous 1 yj_mea_sur ing__wi t h_t he^ndiy idua 1 _ 
L 1 9 h L_spurces... suc^_ssj^yery}__is__ cortt in qen t upo n the given 
c i r c urns t a ri ces ( ri atu r e of t h e su r face , etc . ) . 

S uch a c onf : g urati.cn is ve ry a d v anta geous s ince o ne measu r emen t 
can be_camed out on the one hand wit_h_J:he enti r e sp ectrum 
while it is also possible to measure indiv idua l spectral 
region s _a s we 1 1_._ _ 

If at least o n e __rne a s u r erne n t i s_ per f ormed _m _wh i ch_spect_ra 1 lv_ 
( 1 \.fJ ° r e :1 f : _L i 9 h t_ sou r c e s cm i t r adj. at i on s u c cess i vely t t he 
mdiv i dual m casurem e n t res u 1 t s of s a id in d ividu a 1 1 ig h t so u r c es 
or " _ a ai d spe c t rally di f f er ing li ght s ource s _ are f i 1 e d in the 
memo r; y means .of t h e dev ic e. The n at le a st o ne t luor e s cence 
PAL 5ire_Ler l s pref e r a b 1 y d eriv e d f r o m _ s a i d rr.e a sure m ent _r e suits 
so that besides_for a parameter such as, __fpr example^, surface 
color i __a_l_._ least one measure of th e sur fac e fluores cence is_ 
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additionally, determined^ _Thi s _det ermi_n ing_ of_a surface ' s 
f 1 uo re s c eri ce properties _is ver ^advantageous b_ecause_due to 
d±S* e X e " r-_P r oduc ts be ing used u nde r _ the m_o s t_ d i t fer i ng_ o f 
Ugh lj_ng_cor.d_i r. ion s A _an obse rv_e r *_s imp r ess 1 qn_ o f _co 1 o_r_ also 
^A'P^ias upon __the_f luqresc^_nt_ properties of the surface. A 
:r.e_a surerr.e::t surface can be bet ter cjharactcri_zed_by the 
determining of at least one fluorescence parameter. 

In a_ further urcferred emb odim ent of _one__or several of the 
P re vj_o-j s ]_v_ de s c_r l be d embpd i men t a p _] u r a 1_\ t y__o f photosensp r s 
i s_p r o vided ,_s a i d pho tose n sprs pre f era b 1 y_a r ranged ad -jac ent t o 
one anot her . E sp_e c i a lly p r et e r red i s_ t he_a r rang ement int o ro ws 
arid/or _into_rcws ._and columns L _ whereby .r^art icularij/ preferred i 
t he use o f _a_ a l ode_ a r r ajy__ or a CCD ch ip. Empl oy ing a__p 1 u ra 1 i ty 
9 f photosensors arranged in a r ow o r qn_ a surface allows for 
the determinin g of a numb er of s ign al s o r portio ns o f si gnals 
ess e nt i ail y _s_im u 1 tane o u s 1 y . 

Emp loy ing a C CD chip off ers the a dvan t aoe_ t hat_t h i s_^p e_p_f 
sen_s o r i s un i ver sa 1 1 y preva l ent a nd _ is__ o f hig h a nd f o r emos t _ 
qua! i t y . 

Part i cu larly when a plural ity of ph oto se nsor s is prov i ded; but 

i^-Lt^d t heret.Oj a spect ral means can be arranged in the 

pat.:: oJ__radiatp_on_ between __the l i 1 urn ina ting mean_s_and the 

p h o t o s e n sor ( s ) wh i c h t h en_ s p 1 : t s_th e i nc_i d ent rad iat i o n_ sub j_e c 

t o wa ve 1 e n g t h . Whe n e mp 1 eyin g _ a plur a lit y of p ho tose ns ors , i t _ 

j_s_then pre ^e rred t hat. __t_he spec tral_ mea ns sp lit s the i ncid ent _ 

light such that the di f f eren t wavelength bands of th e i nc: de nt 

1 ight_ ar_e__th_en deflected to d i f f e rent photosensors^ 

re spec t i vc 1 y _d \ f f e r en t areas of a CCD a r r ay_.__ The i n ten s 1 1 y _on 

t r: e i n d i v _i_d u a 1 photo sens it i v e eleme nt s , resp ecti ve.l y 

photosensors , i_s_ then repres ent at ive of the di f f e rent 

way e 1 e ngth ban ds a nd t he e lectri c a 1 outp u t signal of an 
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indlvid^al_phct_osensor_ is .character ist_j_c o_f_..the_ radiaLion 
i ece 1 ve d at saj. d__c o r re s pond ing_wa vel e ngt h _b a nd_. 

It is_ however, .also possible _that__qniy or,e_ photosensor _J_pr only 
a_ few photosensors; are .employed^ ln_t .hi s_ case , _i t is then 
P r .cfe r red. when_ mak i ng_u s e_o f _ a_ spec t raj me a n s__t hat _ej_ t her t he 
illuminating means._i_s . arranged ^Lspl_aceably_or_rpt atabiy and/or 
that _the ..photosensor i s_ .arr_anged_ displace ably or rotatably_. ln_ 
such_a conf lguraticn^ the position of t he. _ l laminating :ncans, 
respectively photosensor, is contrcljed such_ that the 
phglpsejisor_rece.iye_s djJLferent .Wj^e^ngth_ bands one after the 
other so__that_a spect raj_di sj^ibu^ori_jr.a_y_ _be determined . 

'*Jie_ pr ov i.s i on o f a spectral means in t he i nvent i vo devi ce_i s 
hJ^]y_j^vajryaq_epjAs_^ s .enables, deter mi rung _a_ spectpal 

distribution of_in tensity tp_ the_l ight_ _ ref lected_f rqm the 
surface . _ 

Pre f e rably , the s pect ral mea ns com p rise s at 1 east one ( or_ 
several; spect ral splitting elements which may be a __spect_ral 
sp i ltt m q _ e lemen t com mon l y em p 1 oyed l n th e prio r art L _ as_ f or 
e xampl e be ndi ng a nd/or r e f ract i n q opt ic al el e ment s d abs orbin g 
elements, ph ase a nd amplitude g rids , sur^ce_._aj^_voJ^e__qxids j£ _ 
tra nsmi ssion and re flec tion grids, hol og rap hic opt ical 

el _e^ ent ^i interference filters, color filter s an d color f i 1 ter 

wedges, e_dges or_cut off .Jul ters prisms __and thc_l ike^_ 

The spe_c_trai splj_t_ting element, respect ive 1 y__t he spectral _ 
mea n s , i s ar range d in th e p ath of r a d i at . ion in t h e m ve nt i v e 
de.YAO e , jwh^reby i t_ is p ossi bl e that _ s ai d spe c tr al sp l i 1 1 ing 
ele ment i s ren dered as a ref lect i ng or t ransmi tting ele ment . 
When rendered as a re f le ct ing element , a surface refl ect ion 
grid as used ir. convent i or.a l spect_rotr.eters is preferred. When 
r endered as a transmitting s pectr al sp l : t. t ing element^ a_ 



holographic, .transmission ,._gri_d_ for. example, can be used^ whereby 
th * e . holoqram_s'jbstrate _cari _be dichromate _ge]_atine ^DCG), 
PJ2.1 V'v 1 nyl al cqhp 1 _o_r _qt he r_ s uch ni. m i la r jna_tena 1^ _ Col or filler: 
and_co_lcr _f i l_ter _wedges are _al so_part icularl^ pre f erred 

1 s _ a 1 _s_c p os s i b 1 e _t o a r r ange _a_ p lur a lit y_ p £ _sp e_c t r al 
S P i. 1 - r LI-9 ej e -non t s i n t h e_J n ven tiy c de v ic e ,_a 1 so djj f ering 
o::e_s, wherein one or several can be. configureji. as__ transmitting 
elements arid_ o ne or severaj as reflecting elements . 

In accordance__wi_ti a_ further .p_ref erred embodiment of__the 
P;_ese;vt invent ipn^he fij ter__ means is configured in_su_ch a_ 
manner .that _the spe ctral character i st ic_ of _the j_nc ident_ .1 iaht_ 
ma y be c h ang e d_a c cord i ng t o pr edete rmi n ed fi Ue r _p r o_p_e _r t_i e s so 
that the s pec tral characteristic of the 1 ight preferably 
coiricides_ substantial ly_with_ a .pj-edeie_rmined_spectra]_ 
dij5trib_i^_ion_^ The_f liter means _can be rendered a_s_ a reflect ing 
or transmitting filter means ^and preferably ha_s_ at Jeast_ one. 
11 1 " er e 1 e men t . . It i s al s o poss ible tha t at l e a st o ne 
re flee t i ng a s _ w ell a s al so at 1 e ast one t r ansm i 1 1 ing fil t er 
element are provided in the filter means whic h may aj_so be_ 
ar ranged, spa 1 1 a 1 1 y separate f rom one ano the r . Re f 1 ec ti ve_ fi 1 1 e r 
elements or J i 1 tei_irieans_rof lect ljin dent, li^ht an_d are often 
configur ed in such a ma nne r t ha t specifi c wavelength band s are 
re f lecte d b ette r t han o t h ers s o tha t the 1 i ght re fie c t ed f r om 
r hp f 1 1 1 er means exh i b i ts a s pect ra l d i s t r i bu t ion, spec t r a 1 
c: h ai^cteris t : c res pec t i v e 1 y_^_ w h i _c h___c o i nci d e s __s u b s t an. t i a 1 }y w i t h 
a_ predetermined, spectral dist rib ut iqn^ 

Transmit t ing f_i_l t e r elements or f i Iter means_ a re usual 1 y_ sq_ 
c c n f i g u r ed s u c h that specific, w a ye 1 e n g t h__b a n d s __a r e t r ans m i_t ted 
better t ha n ct hers, whereb y it l s pos s ible t h at sp ecific 
wave length band s m ay be absorbed or t hat spec i fie wavel ength 
kandr-; arc .. f -5l_l east p arti ally reflect ed o r that speci fic 



wavelength bands _a re scattered to a_greate;_ or_l esser _deqr_ee . 
Th i s _ma ke_s _ it p oss 1 b 1 e_£ or_t he _ spec t ra 1_ di stribution o f _t he 
t ^LiUl^niU-. r - ed_l ight t o approach a predetermi n ed spect ral 
dist r ibut_i_pr: . 

En-ploving_a_ f ilter mea ns w hich adapts the spect ral_ 

char^.eriGtic_of the incident light to a predetei mined 

spect ral di Gt^but ion is of great advantage in _^rder to provide 

. f ° r _.. _L h e _me a s uret r.e r: t c o n d it_i oris wh ic h wi_l 1 e n_a b 1 e_ h 1 gh 1 y 

qua 1 i t at i ve measurement resujjt s . 

:n_ ace^danc_e_>'ith_ _ a f iirther_particu larly „p_r_e ferred ._embo_d iment 
or t: he inv enti ve dev i ce , t h e p r ede t ermin ed s pect ral 
dist r ibut ion is a s t anda rd dist rib u tion as h as become 
sta nd ardi z ed in t he pri o r art . For example, i 1 1 urn i nat i o n or 
measuring can tran spire with t he C light type s tand ard, the 06 5 
li_ght type standard, the A lig ht type st andard or other such 
similar standards. Conducting a measurement with one of the 
afp r e - merit l on ed_. 1 ight s t a ndard s is hi ghly adva nt age p us bee ause 
this all ows con ducting t he me a sureme nt p ro cedur e with spe ctral 
light dis trib utio ns whic h are stan dard iz ed a nd as close to 
rea l i ty as poss ible . 

In accord anc e with another pre ferr ed e mbo diment, the 

predet e rm i_ned spec t ra 1 d i s t ri bu t_i on _ has _ es s en U a 1 1 y a_J l nea r_ 

PJ. 99. r e - & i on c f irit.en s l. ty ( part i_cul a r 1 y__p r e fer red L _ a cons t a r. t_ 

prog r essi o n of i nt e ns i t y J _ acros s t h e wave le r i g ths in a 

predetermined regi on o f th e spect rum. Sa id predetermined 
wavele ngth band pr ef erabl y_ co mpri ses essent i a 1 l y at leas t the 
visible_^range of the spe ctrum be twe en a bout 400 an d 7 0 0 nm. 
S u c h a p_rede term : n e d _sp_e_c t r a I d i s t ribu t l on__ als c o f t e r _s_ 
advant age_s_si rice part icular ly when illuminati ng or m easu ring 
with an ess ent i al 1 y constant progress ion of inte nsity , a g ood 
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s : g n a 1 tc-jioi.se ratio is a c h i e v e d _ a c r c s s _ t he r e l_e v an t 
wave 1 engt h b a n d ._ 

L n . accordance with a further preferred embodiment _pf one or 
se\^ral_o^he__previous ;^ described embodiments , the. device and 
Its _ indi_v idua_l ejement s_are_corJ_: gured^uch that_a spectraJL 
measurement cjiaracterlst j_c_.is_ essential ly_ p_rppor t io_naJ^ to_a 
procuct._pf the spect ra l_dist_r lbu t ion of_ a standard,. 1 iaht_ type 
a JAd the. visual sensitivity of the human_eye^_ 

Th e spectr a 1 me a su r erne n t charact e r i_s_t i c_ i s _h_e r e rry to be 
understood _as the product of. _t he spect ral ^haracter_ist_i c _of the 
I^.gh^.r^^^te^ont^the^ea^rem^it _surface and the spe ctral 

sens_it_: v i t y o f th e se cond opt i cal me ans , re spec 1 1 ye 1 y t he 

se:i_s_qr . 

Wh en th is spec tra l meas urement chaxact eristic pr^ort^qnal 
cr_essent_i_ally_propp_rt ional to th e p roduct_qf the_ spectral 
distribut ion of a_ s tandard_J. ight_type_and__the visual 
sens 1 1 i vi t y of t h e human _ey e (vi sua ]^_s e n sjrt i v i_ty c f_t h e _1 : g h t - 
a d a p_t e_d_ e y e_oj: y isua.1 sens i t i yit y of th e da r k ^ad a pted e ye! , the 
d evice e s sen 1 1 aj_i y . reproduces t h e__^ na t ural sig ht p r o c ess" of a n 
o bserv er . _ 

P r e f or ably ; the sp e c tral me asure m e nt c h aract e r i st i c is t he 
product of. the spectral characteristic values of _ail optical 
components involved, apart Iiot. the measurement surface _i_tsel_f^ 
7.01-1 s j ' ° r a mp 1 e , _t he 1 i gh_t . r a d_i_a_t e d onto t he me a s u rem e n t_ 
_s ur f a ce . f r qm th e i n divi d u a 1 !.ig ht sou re e s is spectr a 1 1 y_ 
i nflu enced by t he in divi dual opt ical elem ent s in t he f i rst 
o pti ca i mea ns w hile the_^ectra^cj^racter_is.tic _cJL the_J L ic2ht_ 
reflected from th e mea sureme nt surface is then inf luen ced by 
the individual optical elements in the second optical mean s . 
The spectral measurement characteristic cited above takes all 
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or essci^iall^_al_I__spec_trai jnflueiices o_f_the components 
1 L i y°l_Y^^ _lr- to .account . 



In accordance with a_further ore f erred embodiment^ t he_ above - 
£i t".od__Kpqc L ral _mea sure mont characte r ist i c^_ .being _a p r cduc t _p f_ 
the_spect_ral characteristic p_f_ the_ 1 ight _ emi tted onto the 
^ii r f -i£ie_ .and_ the_spect_ra 1_ sensiU vi tv_ pf^_t_he ._sec_ond opt i ca I 
rrieans^is essent lal ly_J ndependent of wavele ngt h in a 
P red ^term_i_ned regicn_of the spectrum which _£referably_ comprises 
the_greater p_a_rt of_ t. he__y_i sible s Dec t rum ( >__50 % ; _bet ter : 

>__8 0 % )_i p a r ti_cu 1 a rly _ pref e rred is t h e c cnr. pr i s i nq o f _a_t least 

th e vi sible ra nge of the spect r um . 

_I_n_ _a c c or da r. ce wi_th t he p r esen t pre f e rred embo d l ment , the 
sp. e c tral m easu r ement . c h ara c t e ris t i c__ ex h i b its a n essentially __ 
linear progress icn_ acrqss_the__wavelengt h__iii t he p redetermine^ 
spect ra 1 regi on ; part i cular 1 y prof e rred is th e _sp_ec tral 
measurement characteristic exhibi t ina_an - es sent ia lly constant 
val ue i n sa id wa ve length ba nd s o tha t in th e c ase of an i deal ly 
re f l ect : r.g s urf ace 2 t h e outp u t sign a l, re sp ecti ve 1 y sens ors , 
a r e es s en t i al l y in depen dent o f wav e len gth ._ 

I n the p res ent pr e f e r red emb od iment , t he sp ect r a 1 d i s t r ibu 1 1 on 
o£ __Lh_ e i__o! Tl i.t--ted light is p re f e^b 1 y j_nfj^uenced_in_ sucti^_ manner 
so as to balance to the spectra 1 characteristics of the _other_ 

opt ic:al_c_onip_oner.l s and the sensor (si . Tn those spectral regions 

j_n which th e senso r exhibit s a l ower se nsitiv ity, th e in tensity 
of_ the radiated light ca n be increased accordi ngly so that the 
in tens : ty, resoec t i ve ly el ectr ic a 1 o utput signal of the 
sensor _(s_) _ t is essentia lly independent of t he re ceive d li ght's 
wavel_er.gth . 

Such an essentially co n st a_n t sp ectr a 1 m easurem ent __ 
characteristic has advan tages parti cular ly when making use of a 
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diode array or a CCD .chip . because_all .f. he _el emcnt s _in_ t he_diode 
array are t hen_bocst ed_by the _ same ampli f icat i on_ factor . In_ 
or der _t.o at t a in a _ s 1 ana 1 __tp. _np ljse ra t. : g_ whi ch_ 1 s_a s_h igh a s 
p.o^s_ib;_e_whe_ri ejm^lqyi ng_a_ d__pde_ar^ay__the exposure, 
respectively Jrir.egra_t icn_time is _£;ej_ected _to _be _so_hic^i that_ 
individua : elements err i t .a ma x i mum _s i gna 1 . _ For examp_Le_ should 
a diode, array be iljununated with a normal bulb__ the iadiatipri_ 
e nut ted from._Uie bulb nprniaj. 1 y__exhibi ts a__j7ia^imum i_n_ the red 
regj_pn__p_f the spectrum at which conventional silicon cells 
1 1 w 1 s e ex h i bit _ a_rr.a x i mum sen s 1 1 i v i ty . 

Ihe_j^ecrtral^easurement _cj2a r^t e rj_s t ic_ of_fiuch an illumination 
^cu_r ce_wi t h_ such, a sensory t hus exhibit s ah i_ghly_ pronounced, 
maximum Jn the red region of the spectrum__ decreasing, in the_ 
gre_ater_ar:d_lesser wave J engths___ .Only a_low_ut Uity_siqn_al_is 
then, generated particularly in the .blue range c f th e spectrum, 
whi ch, can be _of_up_tp abp u t_c^e__o^_seye_ral_ magn i tude s les s than 
the rna2ci:nuj_T_^ signal -to- 

n.o 1 3 e_r a t i p_de te no rat e s _i_r^m __t_he max i mum o f_ t he__spec t rum_by _a 
factor of__l_0, ICO or more in the co_rj-esp_pjndirig spectral region__ 

If . t ______ .exposure ^respec^ively^nte^rat ipri time i s n ow 

i n c reased _ the 1 ndi vid ua 1 elem e nts o f th e _di_p_de arra y depa r t 
fr om the linea r area of acti vi ty an d upon a fu rther inc rea se in 
t he s upp lye d q i ; a n ______ _t y o f_____i g h 1 _______ _e s p ect i ve ly a n inc r e ase i _____t h e 

expos u re 1. 1 me , :n di v j_dua 1 sens ors ar e c verr 1 dden when t h e 1 1 g ht 
to_.be T.easu red i s__sp 1 : t _pn t o the i rid i_yidua L_ sen sqr s or el ement s 
ot t. he diode array. .When ir/i;.__idual j_enscrG are_over_ridderi__ it 
can happen t hat the charg 1 ng of an ele ment of t he__d iode _a rray _ 
c a n enc roa ch: o n _ a di r ec t l y adja c e nt or n earb y el em e n t so _ t hat 
the measurement r esul t noj: ojily_ of____y^ 

a 1 so of t he neighboring c ; e me rit [s ) is i nacc ura t e a nd fa u 1 ty . 



49 

Should_a spectral ..measurement charact_eri_st ic_now __be _emp_lpye_d 

£o -:. t-hc. measuremet_:c_ which exhibits, an, essential ly con_sUnt 

P r ogress i o_n_ a crp s s a p red e tern _in ed wavelength 1 n:erva 1 ^_ 

es sen - ial l_v__a 1 1 _c I emen t s_o f _ the_d i ode a_rray_ w in be mod u la t ed 

ec l^ a Ai_Y, which__has__the cpnseque_nce_o_:_a sjiH^jJj-cant increase in 

th^Doojest_signa] - 1^ : noise ratio_and^_ thus, in the quality of_ 

the measurement . 

1 L 1 n d; v i dua_l pho t o sensors a re . empj oy ed x t he i r s i gna 1 s_a r e_ 
amp_l i f i ed in _each__case _i nd_iv i dua 1 ly_ so t ha t _a_ spec t ra 1 
measurement^ characteri.st i^ta^ng^or^xam^ej a d istinctive 
d epen d ence up_on_ waveleng th may also be _.used . But since a 
smaller effec t j s seen i:i_the ._ca_se qf_. di ff used_ 1 ight , _i_t can 
aj so be_advantageous_ in the. present .appl i cat iqn_ example_to keep 

spectral measu recent charact eristic relatively constant J_n 
t he rele vant wa vele ngth band. Shoul d the radiat ion be split, 
P r_e_x a Tr. pl e f su b j ec t to wavele n gth a nd a s enso r is p rovi ded f or 
a wavel e n gth b a n d at a pproxi mate! y 400 n m, a 5 0 % po r t i on of t he 
dif f u s e d ligh t a t, f o r e xamp l e a the 7 CO, 8 0 C or__ 9 0 0_Nm_ 
wavelength band will lea d to an pro port ionally g reat er 
distortion of th e m easur eme nt results due t o the fact that, for 
exampl e , s i 1 ico n - ba sed senso rs a re more s e nsitiv e at t his 
wavel engt h band . 

For r educing t he inf lue n ce of di f f used 1 1 g ht , it i s pre f erred 
that a _ filter e l enie nt of t h e f i 1 t e r m eans e s sen t ia l 1 y f i It e r s_ 
out ra_d_i_a_t ion above the relevant wavelength ban d. If such a 
f i 1 1 e r _ e i_emen t is pos_i t 1 oned in t he path of rad_ia t \ on__be t ween 
t-_lae light spur c e s and th_e_ s u r f a qc__t q be m eas ured , t h_i s offers 
the a dvan tage th at ra diat i on o f a h ighe r wave lengt h ba nd at 
which the se nsors e mp 1 o ye d are _o f te n pa r tic u la rly se n s i t i v e 
esse ntia ily does not even reach t he mea su rem ent surfac e in the _ 
first pla_c_e_anq consequently _cannot_p_roduce any diff used l ight 
in the second optical mean s. 
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Or; t he other hard, it_ is al_sc advantageous _to_arrange _s_uch a 
_f__i i t e r_e lement i:\ t he _second optica i_ means so tha t_ the 
pho t cserisor s a re _e s s ent i a 1 1 y sh iel ded f rom d if f u s ed 1 ight at 
such wavelengths which f or ..example enter the device_from t he 
environment^. Furthermore, such a £ i Iter _e lenient in_the _seoond 
cp.LL^al Cleans in front of t he _phc_t_o sensor ..off era t he _a_dva:ntage 
that radiation at these wavejengt^ bands e_mi_t:ted_ by the 
measurement sur fac e it sel f wi 1 1 be kept away f rom the 
p h c t . o_s e n s o r . 

TL i s al so possi b 1 e_]^c_ a r r ang e_ one_f ilter_ elejrient in__the_Qath_ 
o f radi a ti on b e t we_en_ th e 1 1 ght source s and t h e me a s u r erne n t _ 
surface and ano trier filter element in the _ path _of radiation 
be twee n the _me a s u r ernent surf ace and t he s e nsor , whe r eby the_ 
particular pos itionin g of the .filter elem ents in the first or 
secon d opt ical mea ns m ay ensu e at app ropriate pos it i ons . 

In accordance with a further preferred embodiment of the 
p resent i nven tion, t he me asure ment resu 1 1 s f. ro m t h e sen sor, 
resp ect i v ely the signa ls of the sens ors, are evalua ted 
mat hematic aj^l y^__ w h e r e by _t h is e v a 1 u a ti on m a y. . t ransp i r e acc o r d i ng 
t c the te a c h l ng prof fe red l n W Q 96/09 52 4 t _ _ respe ct ively 
DE 44 3 4 168 Al , which is he reby included in the disclosu re o f 
the p resent inv ention. Such an e valua t ion ma kes us e of 
differen t, cal ibration standar ds an d a number of 1 ight sou rce s 
w hich are linearly indep endent an d a numbe r of sensors whic h 
likewise exhibit linearly independent spectral char acterist ics 
wh i. c h ca n a 1 so be obtai ned vi a f liters connect ed i n _ series . _ 
. s \!.^lil.in_Ir:£lht sources and n dif feren t sensors be employed, m • n 
calibr ation standards can be measu red and a line ar equati on 
sys t em. _i_n si i t u t. e ci . T h i s . 1_ i nea r set of ecu at i ens ca n_ b e used to 
d etermine the i n d i v i d u_a 1 _ coef ficients o f t he i ndividual 
elements wit h respect to di fferent waA'e_l_eriHth_ bands so that__the 
spectral remission capability or reflectivity of the surface_to 
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bemeasured can be. deterx.i_ned_wi tj: the. coef f ic icnts_ ascerta ined 
during_a .measurement of a surface t o b e measured. 

Per.ejrrnijiing^he^ rem: s_sion_capabi lity _or 

r ^_Ciec tivi t y_wi t_h__t he. teaching di s closed i n the _cj t ed document s 
enables increasing the resoliitjpn in the subpixel range 
p art: 1 c i;_l.ar 1 y __wh e n emp lovi_ n g__a_ C C D_o r _dj_o de a r ray . _ 

I_n_accordanc e wi th a further- preferred e mbod iment of the 
present invention, the f 1 1 ter_ means _is configured _such_t hat_ t he 
spec t ral p rope r t i e s_o r a t_L ea s t_one f_i 1 1 e r__e 1 ement are 
cont.ro] lahle . . This enables t he_ pos i t ion _p_f_ at least one_ filter 
e 1 e men t t o b e v a ria.b 1 e _sp_ t hat u p on, f or ex a mp I e , ex t rac t i ng 

^ a i d f lit er e 1 e merit f r om__t h e path of r a diati c n^ t h e_j,_i g ht_ u s ed 

in_the measurement pr ocedure is no longer influenced. _ 

It__ is howev er als o possi ble to use_^a_J i lter eleme nt which is 
va r ia ble d u r i ng o perat ion a s _tc_i t s _ spec t r a 1 ch a racte r i st ic ._ 
Viabl e filter elem ents here are , for exam ple, t hose based on 
LCD (liq uid crystal display) technol ogy . For examp le, in the 
case of co 1 or d i so l ays , cert a i n s elect iv e col ors can be _ 
d i sp la yed and wit h such c o mputer LC p disp 1 ays as al ready 
pre va 1 ent nowad a y s which are suita b 1 e 1 for ex a mple, fo r loa ding 
t<?._. an ov erhea d pro-jector, it is possible to dep ic t bas ically 
a ^Y._i :0 .l. or desire d. S uch tha t it is lik ewis e poss ibl e to_ 
gclectively influence the spectral characte ris tic of t he 1 lght 
trans mitte d through such a di splay . With such a fil ter ele ment , 
t he_con t _ro 1 means can control_ _the . f' i 1 1 e r ele ment dur i :ia 
oper ati on of th e device i n su ch a manner tha t predetermined 
s pectral pr ope rties of the fil ter element and c onsequen tly the 
xea s u r em en t__c ;ha r a c tc r i s t i c t _ r esp ec t i ve 1 y t he qevicCj are 
obtained . 
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5 u c h_ a f i 1 t er _ me a n s , _r e s pe c t J_ v e 1 y sue h a_f i iter el emen t , a 1_1 ows 
th e.i"ealizjng cf greatly d iff er ing_ spectra^. characteristics or 
spe_ct_ r a :_ d : st r ibu t i qns t_o_ t lie 1 iqht ra d i a_teq_p_n t o_ t he_ 
"l e <3 s. u rcne ri t s u rf a c e . 

. i s__pcs_sj_b 1 e_ t o _u sc. a _s t anciard day Iig h t. d i str i but i on_ f or 
r^ea sur i ng__i_n a_f i m meas u remen t process and to control all t he 
sensor s_ in a_sor:qnd measurement process such that _a_n ideally 
reflecting surf ace_would yield the. same output signal. with__ai.:_ 
sensors . 

If _the su_rface__is illuminated with daylight or with a light_ 
dl s t ribu t ion wh i c h c o rresp o n ds t o_ the spec t ral d i str i but l o n_ p f _ 
day light , the impression of color and also the fluo resc ence 
prop e rt ies of t h e sur f a ce a s they a ppear i n th e f iel d ca n be 
determined . 

On the other hand, a spectral characteristic which is 

essential ly i ndependent _o_f wavelengths of f ers_ the_^yantage __of a 
s - qnal - to - noi se rati o wh i c h is a s hig h a s__pos s i b 1 e . 

In che sense of the present i r. vent ion , the design ation s 

" e i_a 1 1 y 1 i_rj; e a r " as wc_] 1 as " ess e n 1 1 a 1 1 y con s tan t " a nd_ t h e 
X \ - e ar e to be u n d e r stood _ a s achie v 1 ng the b e s t p qs s i ble 
ap prox i^.a t i o n to t he g i ven d e f a u I ts, w her eby cert a i n__dey i ating 
tolerations are allowable. F or e xample, it may be possible that 
"o app ropriate light sour ce ha s been pro vided for a ce rtai n 
spectral rang e so t ha_t_ 1 i g h t sour ces wi 1 1 be u sed w hich a 1 so 

emit i n s aid se e c t r a 1 _ range , j us t not a t ma xinr.um inte r. s lty . _ 

T h en , co_n s i d e r ab le de vi ations from th e i n tended spec t ral 

d l s t r i but io n, res pec: t ivel y spect ra 1 char ac t e ru stic can be 

allowable in t he sense o f t he present invention, a_s_long as_ 

t his ach i e ve s a b etter a dap ting than _wo u 1 d _b e the ca s e as, f o r 
e xair.p 1 e ; __ with o n 1 y one 1 i g ht sour ce . Th i s devi at _i_ on .can 
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t he re fore amount t o_ 5 0 % o r more^ a_ de v i_a t ion o f < 5 0% _howe ve r 
pjef_ej;en_tial a_n_d part icula_r_Ly _pref erred is_<2 0%_pr__<5% Xroj___t h e 
ideal :ine. 

I_n_a : ic the r ._Er e f erred _ embodiment of one _qr_ sever a l_o f t_he__ 
previously described embodiments, __i_t is p art icularly preferred 
V na t_t he ..spec t. r.ql d i s t_r i but i on_o f the I ig h t radi at ed _f r om_ said 
i.Aluroi nat l ng _means_ l s cent rol_l ab l_e by__mean_s o f_said control 
means, ^erer^_espec_i a lly_ prefer red. isUe select ive 
iQLL u . ei 19ii?9 qf_J.ridiv_j_dual ._1 is hL_ sources of said illuminating_ 
means so. that__at least t he i nt ensi ty of the individual 3 ight 
sources jnay_.be ^n_f lue_nced _a^i^p_r^fera_bry__aJ 1 sp J even if 
c us t oma ry_ in o_ _sma 1 le r _ s e. tt i ng , _t he _r_ a d i a ted wavel e ng_th , _ _ 
respectively wavelength band o_t_ i ndiyi dual or a_l 1 licjht 
so urc es . 

Su ch a c onf i gur at i on i s^igh]^advajitageoj^__sir^^ t he spectral 
distribution of__the l.iah____ radiated onto the me asur ement surface 
can be adap te d to a predet er mine d spectral distr ibuti on in a 
s e lect i. v e m anr. e r ._ For exa mple , i f seve ral di f f ere n t colo r ed 
L E Ds ar e u s ed a s 1 ig ht s ou r ces , t h e_i n t e n si ty o f th e lnd i v i dua 1 
T. EDs c an b e so coor dina ted with one ano ther that t he sp ectra l 
dis tribu tion of t he total emitted light cor responds t o o ne of_ 
t he pre dete rm in ed spec trai d is t ribu t ion s . 

Tn_ a not her preferred embodiment of_the present invention, _a 
di 1 f usor m eans a nd an ape rture me ans are d ispo sed i n th e f l rst 
opt ic a J me ans, w h e r eb y the d l f fusor m e an s is p re f er ab ly _ 
confi gured so as to achi eve a homo geneous illuminating of th e 
measuremen t su rface. Th is a llows si i gh t deviations at the_ 
measurement site to. be of no significance for the measurement 
re_su Its. 
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Tn another jre fj?rred_embo_dijTient of the p_rese_nt invent^on^ the 
c Yal/«ati^ori JH§ans is controlled via a__£ipgram stpred_in _the 
memory mear. s an d the o;^atjpn jiean_s_recejv_es_ t hejr.easurement. 
signals of th e ph otosensor s arid _ evaluat e_s_ same , whereby the 
mea s u r enien t B_:gnal_s_ i _ respect iye 1 y_t he cha ract e r is t 1 c _re f e_rence 
v .alu.es a re_pre fcr ab I y _stored permanently in .said memory means. _ 

According to _one or several of the__Dref erj:ed_embodiments of the 
_i nvervti on, the second optical means is directed at a different 
a ?JLL° .L°_~- ne .measurement .. sur f ace_than_ is the f ir_st optical 
me ans so tha t the 1 iqht emi tted from t he_ f i rst optical me ans 
and_ re flee t ed f r om the me a sur erne n t s u r f ac e has a di f f ere n t_ 
angle _to__the measurement surface than the angle between__the 
i. 1 ^. 1 .- received by__thc second optical means an d the normal to 
the xeas^r ement _ surface . 

The_ individual optical me ans can be directed at_any desi red 
a ngie to t he su rf ace _a It houg h it i s pre f e rable t h at t he ang 1 e s 
are at 0°, 2 0° , 30°, 45°, 60° or 8 5° t o t he no rm al of the 
surfa ce to be measu red. A ge ometry o f 0°/4 5° is p art icula r ly 

PS? f e r r c d esp e c i a 1 1 y_f _or_ m e a s u r_e me n t s __o_f c o 1 o r __wh e r e i n one 

cpV^cai means is aligned perpendicularly ov er the surface t o b e 
measured and the other optical means is directed at an angl e o_f 
45° to the_ s urfac e to be m easured . 

In a further preferred embodim ent cf the present i nvent_i_p_n, 
each p hotosen sor is dis posed wi th at l east two, pr efera bly 
three o r more photos ensit ive e L emen t s w he reby t heir e 1 ect r ica 1 
out put s i gna 1 s can b e a cqu i re d indiv i dua lly a nd whi ch d l f f e r in 
their specrtral charact erist ics such t hat the colo r of the_ 
r e f 1 e cted light is as c e_r_t ai nab 1 e . An example of such a 
photose nso r , respectively an arr ay o f photosen sors , is a col or 
CCD sensor. 
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In _§J.- of _ the foregqina embodiments described above, it is 



r esp qct i vc ly_ i s _di s pose d in a s__i mmed 1 a te p r ox i_m 1 t^_a s__p o ss 1 b le 
tp_ one or more ligh t sourcej s )__and/cr qne^ ._several or all 
photosensor (sj , provided for the _determi n ing of the 
characteristic temperat_ure of each respective light source, 
TLfJipecj L vc photosensor o_r_ respective, photosensitive ej err.e_nt i_n_ 
P r der P _q_ena b le a t empe r a ture : correc ted_ d ete r m ina 1 1 on_ o f _s a i d_ 
at _l_east one optical parameter. The temperature measuring means 
may compris e se veral for ]ust one) temper atu re sensors whj_ch 
arc a r r an_£e d , for e xamp 1 e , as c 1 ose a s _n o s s i ble t o t h e_ 
_i nd_iy_i_du a 1 ,_elenients _in order tp_avert_to as__3rea^ an_extent as_ 
pos s i ble a falsify i ng _ d i s t o_r t i on _pf t he_mea suretr.ent resii ] t s_ due 
to . t hermal c a paci t i e s an d _t her ma 1 resi s t ance s ._ _It i s ho wever 
also poss i. b 1 e , wi t h at 1 ea st so me of t hes e e l ements t tha t the 
ele ment its elf i s u sed t o determine its temperat ure d irectlv_^_ 




as described, fo r e xam ple, i n WO 96/09667 or PS 44 3 4 2 66 Al . 

The determi nin g of tem perature or o f t he t empe ra ture of 
individual ..or of all the elemen ts is hig hly a dvant ageous 
beca use t emper atur e : co nt ingen t spe ct ra 1 i nf lue r, c l n g v ar i a bles 
can be t aken into co nsid eration and their i nf luence on the 
me a suremen t res u lts he nc e e s sent ial ly di srega r d e d ._ 



P9ssible_that___at Xeasj^one _t_emp_erat ure_ mea.surincj me_a_ns 




ABSTRACT 



The present invent i on^relates to a device and a method for 
determining the quality of surfaces. An illuminating [means] 
1 lgh t sou rce [of a first optical means] radiates light at a 
predetermined angle onto the measurement surface. An opt ical 
dete cting d evice [second optical means] is likewise aligned at 
a predetermined angle to the measurement surface and a 
photosensor receives the light reflected from said measurement 
surface and converts same into an electrical measurement signal 
[which is characteristic of the reflected light]. A control and 
evaluation means comprising a processor and memory means 
controls the measurement sequence and evaluates the measurement 
results, which are emitted via an output [means] device. The 
illuminating light sour ce [means] comprises at least one light - 
emitting diode. The light emitted by said illuminating means is 
configured such that its spectral characteristic comprises at 
least blue, green and red spectral components in the visible 
range of the spectrum. A filter [means] is provided in the path 
of radiation between the light source and the photosensor. [The 
evaluating means evaluates the reflected light and derives 
therefrom a parameter which characterizes the surface.] 



